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Abstract 
 
The 2014 United Nations Climate Change summit in New York indicated that world 
leaders are now actively exploring solutions to address the consequences of global 
warming. One area of consideration is the built environment. A number of 
challenges have emerged due to the current design of most major cities. These 
include rising urban heat island effect, rising pollution, health implications and 
increased congestion, which are further exacerbated by increased urbanisation and 
population pressures. Within this complex and multidisciplinary problem context, and 
moving beyond the ad hoc, champion-based and incremental sustainability 
improvements that have been made to date, collaborative efforts are required to find 
rapid and transformational solutions. Linking sustainability, design and ecology, the 
notion of biophilic urbanism refers to the use of natural elements as purposeful 
design features in urban landscapes to address climate change issues in rapidly 
growing economies.  
This dissertation addresses this need by exploring the economic business case of 
incorporating biophilic urbanism within cities globally. The research uses a 
qualitative narrative approach which manifests itself in three main sources of data: 
literature from academics explaining phenomena and evolving theories; five case 
studies of cities with examples of biophilic elements (i.e. intentional natural design 
features) comprising Portland, Chicago, Toronto, Berlin and Singapore; and twenty-
six semi-structured interviews to interrogate these examples. 
A significant gap in the literature is highlighted, where the cognitive benefits of 
biophilia have been studied quite extensively, while studies into economic benefits 
are still in their infancy. Recent research has attempted to quantify a number of 
economic returns for some biophilic elements, however knowledge in this field is still 
ad hoc and highly variable. Many studies acknowledge difficulties in discerning 
information such as certain social and aesthetic benefits. While conceptual 
understanding of the physiological and psychological effects of exposure to nature is 
widely recognised and understood, this has not yet been systematically translated 
into monetary terms. It was clear from the literature that further research is needed 
to capture the method of economic enquiry used to inform biophilic urbanism. 
This dissertation used the theoretical framework of Ecosystem Services and 
Exchange Value theory in the context of green space in the built environment. It 
examined how systematically capturing the services yielded from vegetation and 
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attaching a monetary value can aid in strengthening the economic business case for 
biophilic urbanism. It also explored the implicit or explicit role of ecosystem services 
in the decision making process. It is concluded that an ecosystem services 
approach offers exciting opportunities to link scientific knowledge to environmental 
policies in addition to broader environmental, social and economic problems across 
an economy. The dissertation introduces a novel term, ‘biophilic services’ to 
describe various characteristics that can address barriers to incorporating biophilic 
urbanism. These comprise: conditions and processes; direct or indirect benefits; 
implicit or explicit benefits; quantitative or qualitative benefits; and intentional 
interventions in the built environment. A holistic biophilic decision model is also 
presented, outlining underlying logic to decision making for biophilic urbanism 
outcomes.  
These findings have immediate and practical implications for incorporating biophilic 
urbanism globally to offer opportunities in converting an implicit recognition of 
externalities to a more explicit conversation; offer strategic and effective 
communication to improve the decision making process; and encourage the use of a 
consistent economic methodology to allow for more coherent and consistent 
decisions. The thesis also has theoretical implications in expanding upon the 
concept of ecosystem services by suggesting the use of this concept for the urban 
context.  
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“Forget not that the earth delights to feel your bare feet and the winds 
long to play with your hair.” – Khalil Gibran 

Dissertation: Omniya el-Baghdadi 
Chapter 1: Introduction  1 
1 Introduction 
This thesis can be summarised as exploring the economic business case for 
biophilic urbanism to improve decision-making with regard to introducing or 
enhancing biophilic urbanism in cities. The disciplinary field for this thesis is in 
Ecosystem Services; a phrase used to describe the services provided (free of 
charge) to humans by the natural environment. Additionally, the study explores the 
Exchange Value Theory, which measures the market value of goods and services. 
This provides a monetary and nonmonetary comprehension of the value of biophilic 
elements.  
Within this context, in this chapter the problem focus in this dissertation is 
introduced, namely the need to rethink current city design in urgent and challenging 
times, with regard to biophilic urbanism and economic understanding. The chapter 
begins with defining major terms which are used in the dissertation, namely biophilia 
and biophilic urbanism. A contextual overview of the problem is then presented, 
including the rising challenges as a result of population increases, climate change 
and urbanisation globally. These challenges are described, highlighting the pressing 
need for sustainable development. It also overviews the current emerging trends 
used to tackle these challenges in relation to city design and sustaining the current 
and future health of ecosystems. This context is used to shape the research 
problem and to define the approach of the study. 
1.1 Rising population and urbanisation 
A number of people throughout history have warned of the potential consequences 
of population pressures, including the likes of Aristotle, Benjamin Franklin, David 
Hume and even Plato.1 Thomas Malthus solidified these views in his 1798 Essay on 
the Principle of Population where he describes all forms of life as prolific and that if 
they were to multiply without constraints, they would “...fill millions of worlds in the 
course of a few thousand years”. It could be said that the twentieth century proved 
Malthus right as the global population experienced a significant increase. Similarly, 
in the words of Wilson in 2002:2 
The pattern of human population growth in the 20th century was more 
bacterial then primate. When Homo sapiens passed the six-billion mark we 
had already exceeded by perhaps as much as 100 times the biomass of any 
large animal species that ever existed on the land. We and the rest of life 
cannot afford another 100 years like that. 
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Ehrlich and Ehrlich offer an alternative perspective on population pressures, arguing 
that it is not determined by population density but rather by the number of “people in 
an area relative to its resources and the capacity of the environment to sustain 
human activities” or, the carrying capacity. In other words, “if the long-term carrying 
capacity of an area is clearly being degraded by its current human occupants, then 
that area is overpopulated”.3 This is because sustaining human activities such as 
substantially increasing global food production and expanding cities to 
accommodate this change have proven a more formidable task than was initially 
expected by development planners.  
In another paper by Ehrlich4, it is argued that this impact on Earth’s resources is not 
just determined by the number of people living on the planet but it also depends on 
how people behave. Indeed, a larger population triggers rising consumption, 
potential collapse of the food supply and the development of even more powerful 
technologies to cater for the needs of this increase, hence multiplying the negative 
impacts on our planet.5 This was evident with the rate of resource exploitation and 
consumption increase much faster than population rise since the industrial 
revolution. By the century’s end, the life support systems on Earth were clearly 
negatively impacted with damaged natural services and rising pollution problems 
becoming more and more apparent worldwide.6 A number of eminent scientists 
have warned against the expected consequences to the health and well-being of 
living systems on earth.7 8 9 
The rise in global population has been coupled with an increasing rate of 
urbanisation. All over the globe, there have been a substantial number of people 
moving to cities searching for opportunities that are not available in rural areas.10 In 
2007, for the first time in history, the global urban population surpassed the global 
rural population. According to the latest world population report by the United 
Nations, the planet has undergone a rapid process of urbanisation over the past six 
decades. In 1950, an estimated 70 per cent of the global population lived in rural 
settlements and less than 30 per cent in urban settlements. This figure has changed 
drastically to an estimated 54 per cent of the global population in 2014 now residing 
in urban areas. This urban population is forecasted to grow by 66 per cent by 2050, 
marking this as the reverse of the global urban-rural population distribution of the 
mid-twentieth century.11 
Within Australia, population increase has systematically taken place in outer 
suburbs, inner cities, urban infill areas and along the coast. With a Greater Capital 
City increase rate of 2.1 per cent faster than the rest of the country’s cities and 
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towns, in 2013 the Australian Bureau of Statistics stated 15.3 million people resided 
in a Greater Capital City, equating to two thirds of Australia’s total population.12 This 
trend of urbanisation is not without challenges. Cities cater for a middleclass 
lifestyle, inviting higher consumption patterns and thus straining resources and 
ecosystems.13 With a high rate of urbanisation, Australia is amongst the top ten 
countries with the largest ecological footprints, ranking fifth globally.14 
In addition to the trend of increased urbanisation, the current form of city design has 
also been identified as inviting negative economic, social and environmental 
consequences. It was perhaps described best in Forster’s short story called “The 
Machine Stops”. This work of science fiction pictures a world where humanity has 
lost the ability to live on earth and instead live in high-density cities buried deep 
below a lifeless surface. This work of literature mirrors, to a certain extent, how we 
live in cities that are - in the vocabulary of present-day engineers - “failing badly”.15 
The indirect analogy presented by Forster points to the need to rethink urban 
settlements, particularly cities, in order to reduce our contribution to the causes of 
climate change.16 Others point to the link between city health and human health by 
explaining that the condition of a predominately urban world population is mirrored in 
the city more than in any other construct. Amin and Thirft17 conclude, “The urban 
condition is the human condition.”18  
1.2 Defining sustainable development 
The notion of sustainable development is not new. In fact, Aristotle argued in 
Nicomachean Ethics that “wealth is evidently not the good we are seeking, for it is 
merely useful for the sake of something else”.19 Many professional experts, such as 
economists, scientists and philosophers of the 17th and 18th centuries have seen 
their task as being confined to the maximisation of opulence by discussing and 
appreciating the element of sustainability.20  
In the mid 1800’s and 1900’s, economists Mill and Malthus, respectively discussed 
the notion of economic sustainability. Mill emphasised that nature needs to be 
protected from uncontrollable growth if we are to preserve human welfare in the face 
of the law of diminishing returns.21 Malthus discussed the implications of exponential 
population growth on the finite resource base and its impact on increasing disparity 
between rich and poor.22 Their work did not regard nature conservation and 
improvement of wealth distribution as a paradox, but rather a moral duty.23 The 
father of economics, Adam Smith, pointed to similar notions explaining that in the 
rational pursuit of self-interest, the “rules of justice” must be followed.24 However, as 
the age of the industrial revolution progressed into the 20th century this lack of 
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nature conservation in economics became apparent as environmental degradation 
was on the rise. This caused cities all over the world to experience various 
environmentally related issues, including rapid depletion of urban nature.25 
For this reason, sustainability has become particularly important for cities and calls 
for integrated policies to improve the conditions for both urban and rural dwellers to 
enhance liveability, by perhaps revisiting the ideas set forward by Mill and 
Malthus.26 27 In 2014, John Wilmoth, Director of United Nation’s Department of 
Economic and Social Affairs (DESA) population Division expressed this pressing 
need by explaining that: “Managing urban areas has become one of the most 
important development challenges of the 21st century. Our success or failure in 
building sustainable cities will be a major factor in the success of the post-2015 UN 
development agenda.”28  
Appreciating the current economic context of increasing growth as a result of the 
industrial revolution, the term sustainable development emerged in response to this 
growing realisation to balance economic growth with environmental concern. The 
underlying philosophy of sustainable development is improving the quality of life of 
people and should not degrade the environment and resources such that future 
generations are at a disadvantage.29 The 1987 Brundtland report provides the 
following definition, “Sustainable development is development that meets the needs 
of the present without compromising the ability of future generations to meet their 
own needs.”30 Sustainable development is then about meeting basic human needs 
that promote living within the world’s means by increasing productivity that is 
equitable for all, avoiding resource exploitation, respecting the natural systems that 
support life on Earth and finally recognising population limits.31 Hence, the 
sustainable element does not imply human societies remain static, rather a growth 
which is decoupled from negative environmental pressures.32  
This definition by the Brundtland report led to the further expansion and clarification 
of the definition. Various scholars and organisations have added or subtracted 
themes, with the definition of the three “E’s” approach gaining popularity.33 34 This 
approach calls for the holistic nature of social equity, economics feasibility and 
ecological protection. This evolved sustainable development to involved topics such 
as environmental justice, resource pollution, community liveability, climate change, 
food production, human health, human health and well-being, energy use, 
consumption, biodiversity, green space and more. Since then, the conversation has 
evolved to go beyond and even consider ecological enhancement.35 With over two 
decades since the Brundtland definition of sustainable development, few 
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stakeholders have started to recognise that the time for simply conserving is over 
and are now calling for measures to enhance and improve conditions of ecosystem 
health.  
The notion of sustainability within cities continues to evolve and has at times been 
expanded to also account for factors of liveability such as community dialogue and 
transparency.36 37 Wheeler summarises this evolution of the term by expressing that 
sustainability in itself is a code word for sets of other values that are based on an 
individual’s worldview and assumptions about reality.38 
Approaches to sustainable development vary widely, but these can be pulled from 
different schools of thought. The political declaration of the World Summit on 
Sustainable Development conceptualised the term by associating it with three 
reinforcing pillars – economic development, social development and environmental 
protection.39 Lehtonen argues that these three pillars are not three neatly isolated 
circles, but rather there is a hierarchy and social is the most important. Contrarily, 
the environment pillar can be seen as most important since it is relied upon for 
social and economic needs.40 However, economics is often by default the most 
important since economic measures are the most pervasive; it is how we 
understand. Later in the discussion (Section 1.5), this will be revisited to clearly state 
the position of this dissertation and why this was chosen. 
In economic theory, these dimensions have been referred to as the “triple bottom 
line” concept, where all three aspects need to be accounted for in the final 
assessment of a development, product, activity or service.41 The World Commission 
on Environment and Development (WCED) recognised that the conventional 
economics necessary to maximise economic growth must be accountable to an 
ecological imperative to protect the global environment and a social equity 
imperative to minimise human consequences.42  
Within this economic consideration, Bartelmus43 refers to a continuum between 
neoclassical economics and deep ecology. This continuum roughly aligns with the 
conceptualisation of sustainability from weak to strong, where weak sustainability 
assumes substitutability between produced and natural capital and strong 
sustainability requires that separate accounts be maintained (i.e. limiting sustainable 
development to what does not deplete natural capita that it can be replaced). 
Neoclassical economics fixates on market operation and hence does not readily 
discuss sustainable development. Rather it describes theoretical models of 
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individual and collective choices, lending itself useful in understanding decisions that 
move toward or away from sustainability.  
Identifying this gap, environmental economics extends the market operation to 
natural capital. Wackernagel and Rees point to the need for environmental 
measures over economic ones because the economy is wholly dependent upon 
resources provided by the natural world.44 The far end of the spectrum, ecological 
economics, is where most of the work on measuring sustainable development 
resides. Ecological economics attempt to further expand economics to incorporate 
social factors to define the biophysical limits of the natural world.  
With a spectrum of approaches to sustainable development, principles have been 
put forward and agreed upon for those things which sustainable development should 
embody. These principles address the possibility of a potential narrow focus on how 
to reach local sustainability. The two sets discussed offer some similar approaches 
in line with the scope of this dissertation, which looks at urban greening in the built 
environment. It is indeed the third principle from Satterwhite’s list and principles one 
and two from the second list that the attention of this study has fallen. Satterwhite 
put forward five categories of environmental action in 1997 that are necessary for 
sustainable cities; they are:45 
• Controlling infectious and parasitic diseases, 
• Reducing chemical and physical hazards in the built environment, 
• High quality urban amenities such as parks, natural and cultural resources, 
• Minimising transfer of environmental costs outside of the place, and  
• Progress towards sustainable consumption or resource balancing. 
Another set of principles by Berke and Conroy suggest the following five 
categories:46 
• Harmony with nature - places should accept their resources and choose to 
develop in a way that maintains the environmental services endowed to them. 
• Liveable built environment - when developing, places should ensure that the 
man-made environment is one that expands rather than contracts from 
opportunities and mobility for citizens. 
• “Place based” economy - places should capitalise on local natural, built, human, 
and historic capital. 
Dissertation: Omniya el-Baghdadi 
Chapter 1: Introduction  7 
• Polluters pay - those who cause environmental destruction should be responsible 
for it. 
• Responsible regionalism - places should accept that they are not in a vacuum 
and be amenable to regional needs. 
Globally there is growing knowledge and awareness amongst nations about issues 
which will dominate the 21st century, including climate change which is exacerbated 
by a rising global population and urbanisation. The literature suggests that all 
nations, organisations and individuals agree on the foundation of sustainable 
development; however there is no general agreement on how the concept should be 
translated into practice and implemented.47 The literature also suggests that 
sustainable urban development is a rising topic of interest on many agendas. 
Finally, the literature suggests a number of principles to achieve sustainable 
development 
From the literature it is concluded that there is a significant need to make cities 
resilient to the impact of urbanisation and congestion. Furthermore this change is 
urgent in order to equip decision makers with the knowledge and skills required to 
address 21st century challenges, and to contribute to sustainable solutions within the 
next couple of decades.  
1.3 Sustainable development and urban green space 
Urban green space has emerged as a key component to a sustainable city, as it 
offers a myriad of social, environmental and economic benefits. This knowledge and 
appreciation of urban green space remains unsystematic, thus inhibiting its 
mainstreaming across cities worldwide. In the following paragraphs a link between 
sustainability and green space in cities is discussed, followed with a history of the 
role of green space in cities. The term “biophilic urbanism” will then be defined along 
with examples of current cities employing green space as a measure of 
sustainability. This section is concluded by clearly presenting the ad hoc nature of 
biophilic elements’ implementation in cities worldwide due to the gap in economic 
knowledge. 
In his 2008 research study, McPherson strongly believed in the fundamental role of 
urban forestry in significantly mitigating the pressures and consequences of an 
increasing population on the built environment.48 This link between urban greening 
to sustainability has become an area of increased interest for many; with 
stakeholders across the globe modifying their behaviour in an effort to promote and 
encourage sustainability through urban green space. This increasing promotion of 
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green space as a mechanism for achieving sustainability is also partly driven by the 
physical, mental, social and economic benefits.  
In his book, Green Urbanism: Learning from European cities, Beatley describes 
green urbanism as cities’ efforts to incorporate green space into the urban 
environment.49 Achieving sustainability by fusing nature and green space into the 
fabric of cities has been reported to add aesthetic as well as functional benefits. 
Here Beatley is offering cities an opportunity to learn from the circular metabolism 
system of nature. Currently, most cities have a metabolic system that is 
predominately linear, whereas green urbanism seeks to discourage this. Achieving 
sustainability for some cities has been in the form of recycling, increased public 
transport, use of alternative energy or even restriction in public areas. Promoting 
circular metabolism systems (i.e. cradle to cradle systems) will require cities to do 
more. Beatley offers an enhancement to this model of sustainability by suggesting 
cities learn from and promote the benefits of green space in the built environment. 
Important elements of green urbanism are the creation of cities, urban extents, 
neighbourhoods and even buildings that people enjoy experiencing. These 
environments should be emotionally uplifting, ecologically thriving and economically 
feasible. As Beatley explains in his book: “It is as much about creating highly 
liveable cities as it is about creating ecological cities”.50 
Green space in cities is not new. Indeed, the twentieth century’s landscape vision 
was to bring “nature to town”.51 From the 1860s onwards, the US parkway 
movement experimented with systems of interconnected green space in the built 
environment to oxygenate and dispel pollution in the city.52 53At the time, these 
“emerald necklaces” were radical forms of urban green space systems that broke 
down conventional categories of parks in both the urban and rural environment.54  
Christopher Tunnard’s book, “Gardens in the Modern Landscape”, provided the 
seminal statement of these ideals.55 56 His book was the manifesto for the urban 
landscape profession wherein he presented the notions of sunlight, openness and 
freedom. His ideas suggested that nature should not be contained but should flow 
into the city, connecting countryside, home, recreation areas, playground in a 
continuous stream of health-giving greenery or a “garden without limitation”.57 By the 
mid-twentieth century, this ideology became axiomatic in urban planning which 
recognised that the introduction of vegetation on a large scale to the fabric of cities 
would “bring life, change and vigour direct to the townsman”’.58 Lewis Mumford 
understood the real potential of urban landscape. He regarded them as 
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transformative spaces “giving collective form to the I-Thou relation” and thus urged 
planners to conceive the green space realm on an ambitious scale:59 
Perhaps the first step towards regaining possession of our souls will be to re-
possess and plan the whole landscape...In the cities of the future, ribbons of 
green must run through every quarter, forming a continuous web of garden 
and mall, widening at the edge of the city into protective green belts, so that 
landscape and garden will become an integral part of urban no less than 
rural life.  
This movement encouraged progress from enclosure to openness – that is the shift 
from conventional parks to flowing edgeless greenery.60 This became particularly 
apparent in post-war reconstruction where open plan was the norm. It was readily 
understood the unquestionable benefit of green space in enhancing public health61 
and offering a gentle and universal form of social engineering.62 With mirroring 
ideas, road transport in the twentieth century dictated that roads, like railways, 
should have continuous uninterrupted design to ease driving. With these similar 
notions, landscape ideals became prominently featured in road construction. Roads 
in the built environment became “elongated parks bringing nature to the inner city a 
welcome addition of beauty, grace and green open space”.63 This notion of road 
landscapes offered a break from the concrete element of city fabric, helped reduce 
densities and increased the area of planted voids.  
Although extremely successful in joining together the functional zones of the city, the 
downfall of this urban landscape approach was due to lack of functionality of 
individual vegetation.64 Questions on the functional attributes of individual vegetation 
growth such as edge planting and amenity strips of grass were raised. Unlike parks, 
gardens and street trees, these shrubbery and strips of grass were unnamed and 
weakly identifiable. Moreover, some cities found that this form of landscape design 
was in decline and abandoned and hence were slowly becoming “ghost zones”. 
Whatever the actual levels of danger, they have become associates with attributes 
of risky places – concealment, exposure, short lines of sight and non-supervision.65 
This perception of danger dominated urban green space surveys.66 67 68 69 
1.4 Biophilic urbanism as a mechanism for sustainable cities 
Current city design lends itself as an ironic inversion of the original idea of cities as 
places of sanctuary.70 This process of disenchantment, Hebbert argues, also gave 
urban vegetation a negative connotation.71 For instance, a study by Abrams found 
overgrown, unintentional vegetation to project an “image of desolation and despair” 
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in sites examined. For this reason, Hebbert argues we need to balance biophilia with 
human liveability and functionality. E. O. Wilson’s concept of “biophilia” is based on 
the physiological principle that there is an innate bond between living systems and 
humans72 and it is now considered a new design principle to inform city planning.73 
This innate bond refers to the subconscious connections that human beings seek 
with the rest of life. E. O. Wilson suggests that this intrinsic bond is deeply rooted in 
our biology. Hence, extending this philosophical principle to city design, biophilic 
urbanism proposes the incorporation of intentional natural design features across 
cities, neighbourhoods and buildings to offer daily exposure to natural systems.  
What distinguishes biophilic urbanism from green infrastructure – defined as a 
system based approach to the function and design of cities that aims to secure 
sustainability, liveability and health74 – is that biophilic urbanism is based on the 
philosophical principle of biophilia. Biophilic urbanism has been gaining momentum 
in the world of urban planning as it presents what can be seen as a win-win solution 
in dealing with the challenges of climate change and economic development. In their 
book “Resilient Cities”, Newman et al discuss its global recognition, and where it has 
begun to be implemented in urban areas within Europe and North America in 
particular.75 This method of planning is capable of providing local, state, and 
national governments with options to mitigate climate change, reduce energy 
consumption, enhance urban biodiversity, improve worker productivity and respond 
to the densification pressures of cities. Thus it allows economic growth to prosper 
while simultaneously fostering a more sustainable, resilient urban environment.  
An important factor of biophilic urbanism is the notion that the components of 
perimeter blocks consisting of buildings, streets and vegetation all have an identity 
and purpose. Implementation of biophilic urbanism into urban environments is 
facilitated through the use of “biophilic elements”. These elements can occur at a 
building, neighbourhood or city scale. 76 The gardened court surrounding building 
blocks are one of the most ancient types of green space in European cities.77 They 
were discarded at the turn of the twentieth century78 and now a hundred years later, 
have been widely revived. Amsterdam’s Eastern Harbour District and Barcelona’s 
Villa Olimpica have pioneered the reinvention of innovative mixtures of communal 
spaces and private gardens. As well as presenting ingenious ideas of retrofitting car 
parks, interior blocks and pathways without losing a sense of identified parameters, 
purpose and function.79  
Expanding from the perimeter block lies the public realm of streets and pavements. 
Streets offer urban space capable of hosting a myriad of benefits to pedestrian, 
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drivers and passengers. This multi-functional use of space has seen a relationship 
between streets trees and reduction in vehicle speeds, noise reduction, increased 
psychological safety barrier lanes of movement, microclimate management and 
reduction in traffic and urban-related particulate pollution.80 81 Street trees have 
equally significant functions within the larger context of a city’s green infrastructure 
where they deliver a continuous canopy, which provides an ecological corridor.82 
Additionally, this street lined linear green space can incorporate vegetated open 
swales where wetland planting provides sustainable drainage as well as ecological 
interest to the street environment.83  
On the largest scale, local parks are plugged in with intention and function. This 
combination of human and ecosystem function ensures multi-purpose benefits to a 
city. This offers a space for physical exercise and play offers a much more functional 
space to the organic, unattended approach of the early twentieth century discussed 
above. As Hajer and Reijndorp84 explain, unless spaces are clearly fenced, defined 
and named they will not provide structure to social encounters amid a large 
cosmopolitan context engulfed within a complex system of roads, buildings and 
social diversity of a modern city.85 Hence these parks and even landscape corridors 
ensure human liveability and cater to metropolitan functionality. 
From an ecosystem services approach, biophilic elements offer a range of benefits. 
Evidence of the importance and role of biophilic elements in the built environment 
has been gathered from reports and studies. In line with the concept of sustainable 
development, the benefits are grouped into social (human health and well-being), 
environmental (water, climate, air, soil, biodiversity and climate change) and 
economic. Underpinning each component are sets of values and benefits delivered 
from natural design features in the urban environment.  
1.4.1 Human health and well-being 
“Health and well-being”, in the broadest sense, does not only refer to the absence of 
disease, but also a state of mental, social and physical well-being.86 It has been 
broadly recognised that the design of the built environment can affect human health 
outcomes.87 Within this, research over the last two decades has explored the 
connection between human health and well-being with nature.88 One of the most 
well-renowned studies on the restorative powers of nature was conducted by Roger 
Ulrich in 1984 who demonstrated that abdominal surgical patients with views of 
nature have shorter post-operative hospital stays.89 Since then, a large body of 
research has supported the psychological benefits of mental well-being with nature. 
Research by Rachel and Stephen Kaplan explored the restorative effects of nature 
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and found that the natural environment can foster positive well-being and the ability 
of people to function effectively. This, Steven Kaplan, explains through his Attention 
Restoration Theory is associated with nature’s engagement with our ‘involuntary 
attention’ permitting our ‘directed attention’ (voluntary attention) the opportunity to 
rest, thus assisting people in overcoming mental fatigue associated with continual 
directed attention.90  
A range of other studies have even found positive connections with nature in 
reducing Attention Deficit Hyperactivity Disorder (ADHD) symptoms,91 reducing 
crime in inner city neighbourhoods92 and creating a sense of community.93 This 
sense of enhanced community has been found to be crucial to overall health. This is 
because attractive and accessible green spaces present opportunities for social 
interaction, cultivating community ties and a sense of identity which research has 
found to be fundamental to human health and well-being.94 Biophilic elements such 
as urban parks and other green public spaces foster social interaction through social 
contacts, collective work, exchange, community building, social networks, 
empowerment and mutual trust.95 96 Many have also found clear links between 
landscape in the built environment and physical activity and health.97 98 This is 
because physical activity is promoted by access to nearby parks or any other form 
of biophilic element and well-designed ‘walkable streets’.99 
Writer Richard Louv in his book “Last child in the Woods” coined the term “Nature 
Deficit Disorder” to define the effects of enforced alienation of children from nature. 
His book pointed to the significant role of biophilic elements to physical and mental 
well-being.100 Specifically, he explained a range of behavioural issues that arise 
from this isolation, namely diminished use of the senses, attention difficulties and 
even higher rates of emotional and physical illnesses. He concluded that the fear 
instilled in children from sensationalist media coverage and paranoid parents has 
done more harm than good, where they have literally “scared children straight out of 
the woods and fields’ while promoting a litigious culture of fear that favours ‘safe’ 
regimented sports over imaginative play”.101 Two similar studies by Planet Ark have 
also explored this changing role of children’s play on their health and well-being. 
Their 2011 study found a dramatic decline in childhood outdoor play activity in the 
space of one generation.102 Their second study’s results demonstrated a rise in 
childhood obesity and mental health issues due to this dramatic lifestyle change in 
the last two decades. They explored the intellectual, psychological, mental and 
physical health benefits of contact with nature for children. Their study confirmed the 
findings of Louv, concluding that “contact with nature during childhood could have a 
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significant role to play in both the prevention and management of certain physical 
and mental health problems, and in forming environmentally responsible attitudes in 
future adulthood.”103 
1.4.2 Enhancing water, climate and air quality 
Biophilic elements provide a range of environmental benefits through their natural 
ecological processes. For instance, vegetation plays an important role in the 
management of natural water cycles by modifying rainwater inflows, groundwater 
recharge and soil infiltration and patterns of surface runoff.104 This form of natural 
water cycle management has been undeniably affected by urbanisation. The 
resultant “urban water cycle” opts for extensive impervious surfaces and drainage 
systems. Although functional and at times highly efficient, this urban water cycle 
approach has had negative impacts on the receiving aquatic ecosystems.105 As a 
result, the field of “Water Sensitive Urban Design” (WSUD) emerged during the 
1990s as an alternative seeking more sustainable management of the water cycle in 
the built environment.106 Biophilic elements such as green streets play a vital role in 
contributing to this form of water management, due to their capacity to restore or 
help replicate the natural water cycle in the urban environment. Studies have found 
that these biophilic elements successfully provide canopy interception,107 improved 
stormwater runoff quality through bio-infiltration,108 soil infiltration and storage and 
flood damage control109.  
Biophilic elements can also assist with combating the negative impact of the urban 
health island (UHI) effect in cities. The UHI refers to the phenomenon where the 
surface and air temperatures of cities are much higher than surrounding rural or 
vegetated areas, especially at night.110 111 This is due to the storage and re-radiation 
of heat by building materials and paved surfaces, which is increased with lack of 
vegetation in cities. Reduced vegetation results in both decreased shading of 
surfaces and a decrease in transpiration cooling by tree canopies.112 The UHI is 
recognised to contribute to health risks in large through increased morbidity or 
morality rates during ‘heat wave’ events, especially amongst the elderly.113 114 115 
Therefore, assistance with city climate modification, especially temperature 
reduction, is crucial to enhance liveability and resilience of cities. One study by Oke, 
found that cities on a cloudless night can be as much as 12 degrees warmer than 
surrounding rural areas.116 In Melbourne, Australia researchers noted a mean UHI of 
approximately 2 to 4 degrees and as high as 7 degrees depending on the time of the 
day, time of the year and location.117 118 These studies also found that on days over 
30 degrees Celsius in Melbourne the risk of heat related morbidity and mortality of 
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people over 64 years of age increases drastically, particularly in buildings with little 
or no surrounding vegetation.  
Biophilic elements also improve the quality of air in cities. A plant’s natural functions 
remove atmospheric pollutants, oxygenate the air and absorb carbon dioxide 
through the process of photosynthesis.119 120 Other studies also reported that plants 
can also collect and trap airborne particles on leaf surfaces. This is particularly 
beneficial in streets with high volumes of traffic.121 122 In addition to biological 
functions of biophilic elements yielding the abovementioned benefits, they also 
provide aesthetic and amenity value, making them visually appealing solutions to 
environmental problems in cities.  
1.4.3 Biodiversity  
Worldwide biodiversity loss is an area of great concern because biodiversity plays 
an essential role in the functioning of ecosystems and their capacity to provide long-
term services.123 Additionally, biodiversity plays an important role in giving genes, 
species and ecosystems resilience. For instance, loss of biodiversity impacts the 
quality of essential life support systems, the potential for developing new medicines 
and treatments and the incidence and spread of infectious diseases.124 From a 
sociological perspective, urban biodiversity in the built environment contributes to 
our sense of place, identity and therefore psychological well-being.125 It may be 
difficult to preserve large areas of natural habitat within cities, however biophilic 
elements can provide the needed reserves for species within urban areas.126 This is 
because they assist in reducing habitat fragmentation in urban areas.127 Confirming 
this, studies have found that street trees do positively attract wildlife, with street 
trees being utilised by a variety of bird species including native birds and those well-
adapted to the urban environment.128 129 Another study by Kazemi et al found that 
vegetated water sensitive urban design (WSUD) systems and other biophilic 
elements in the built environment have the potential to increase urban 
biodiversity.130 Additionally, widespread implementation of biophilic elements 
enhances habitat connectivity by cultivating biodiversity corridors and other linkages, 
a key aspect to conservation.131  
1.4.4 Climate change 
Biophilic urbanism can play a vital role in climate change mitigation. Conventionally, 
climate change mitigation strategies entail Carbon Dioxide (CO2) reduction through 
things like energy efficiency and increased use of public transport.132 Urban 
vegetation can also contribute to net reductions in CO2 through carbon sequestration 
and storage. CO2 emissions can also be avoided as a result of building energy 
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savings through the sequestration and shading properties of street trees, and the 
insulating characteristic of green walls and roofs. In 2000, Brisbane’s (Australia) 
residential tree cover was reported to absorb an equivalent amount of CO2 emitted 
by 30,000 cars per year.133 In Melbourne (Australia), 100,000 public trees were 
estimated to sequester about one million tons of carbon.134 Urban vegetation also 
assists in reducing air-conditioning demand, resulting in a reduction of carbon 
emissions from power stations.135 
Biophilic urbanism can also assist cities in climate change adaptation.136 137 As 
discussed in previous sections, the impacts of climate change are readily 
understood, although these impacts are difficult to predict and vary from region to 
region. Studies have found that the likely effects of climate change in Australia 
include reduced rainfall and extended periods of drought, increased temperatures, 
increased bushfire risks and even more extreme weather events such as storms and 
floods.138 According to the literature, climate change adaption strategies include 
cooling of perimeter blocks and surrounding areas.139 Biophilic elements such as 
urban trees and park assist in temperature reduction through shading, 
evapotranspiration and wind speed medication.140 They also play a role in providing 
shelter from flooding due to extreme weather events, mitigating runoff from storms 
and improving air quality in congested cities.141 
Table 1-1 summarises the number of biophilic elements, which are further broken 
down to various forms of incorporation. Each of the biophilic elements has a few 
specific benefits while a few benefits are shared by all, as outlined in the last 
column. Although it is acknowledged that benefits can be incurred from the 
application of a single element, a full suite of benefits can most likely be enjoyed by 
adopting a holistic application of these elements from all three scales.142 
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Table 1-1 Overview of the elements of biophilic urbanism 
Element Forms Specific  Benefits Common Benefits 
B
ui
ld
in
g 
Indoor 
Plants  
- Pot plants, on desks, around office, or in banks of pots - Indoor living walls, including pots within a mess frame (also see Green 
Walls) - Indoor planted vegetation, such as atriums and large planted 
installations 
- Reduced illness - Increased productivity - Improved air quality    
 - Response to growing needs for 
densification of cities 
 - Revitalise urban environments 
 - Alleviate urban heat   island 
effect  
 - Improved air quality 
 - Improved microclimate 
 - Sequester carbon/ reduce 
greenhouse gas emissions  
 - Increase biodiversity 
 - Improve water cycle 
management 
 - Provide amenity 
 - Enhance wellbeing/ reduce 
stress 
 - Recreation 
 - Reconnection with nature 
 - Revitalise cities 
 - Increase property value 
 - Enhance tourism 
Green 
Roofs 
- ‘Intensive’: Soil deeper than 200mm and vegetation up to the size of 
trees - ‘Extensive’: Soil up to 200mm with ground cover vegetation - Improved building energy efficiency - Water management - Space efficiency - Food production - Sound insulation - Increase roof/wall lifespan - Vertical urban farming 
Green 
Walls 
- Panel System: Pre-planted structural panels that are secured to wall, 
and have an in-built watering system - Felt System: Pre-fabricated structural panel with felt planting pockets 
that is planted onsite and kept moist - Container/Trellis System: Pre-fabricated structural panel with planting 
pots, with drip irrigation system for pots 
N
ei
gh
bo
ur
ho
od
 Green Verges 
- Street trees and canopies are chosen depending on physical 
properties. - Shade planting for buildings are placed to remove heat load  - Green streets and alleys create cool pervious greenways - Rain gardens and bio-swales integrate into stormwater management 
plan and consist of pervious channels - Green permeable sidewalks  
- Reduce traffic / encourage 
walking and cycling - Reduce building cooling/ 
heating energy use - Windbreak - Water management - Food production 
Green 
Islands 
- Urban parks and gardens placed close to transportation routes - Community farms close to homes - Residential backyards provide space for food production - Lawns and gardens reduce UHI effects - Rehabilitating and uncovering waterways and streams  
- Reduce traffic / encourage 
walking and cycling - Food production - Reduce reflection - Community sense - Education 
C
ity
 
Green 
Corridors 
- Green corridors (Biodiversity corridors) reaching outside the urban 
area,  - Highway crossings and migratory routes. - Backyard commons can be part of the green corridor - Buffer Protection from storms surges along coastal areas. 
- Linking of biophilic 
elements - Reduce traffic / encourage 
walking and cycling - Connectivity - Increased tourism  - Cognitive way finding 
Urban 
Farming 
- Community gardens - City farms - Urban and peri-urban agriculture - Food production - Create employment - Education 
Water 
Ways 
- Wetlands - Constructed wetlands - Ponds and lakes  - Day-lighted streams - Vegetated swales & drainage corridors - Infiltration basins - Mangroves 
- Water management - Water treatment - Water storage - Filtration / enhance water 
quality - Protect downstream water 
bodies 
Source: Reeve, Desha, Hargroves and Newman, (2012)143 
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1.4.5 Economics  
Research has been exploring the various revenues streams produced from the 
benefits of biophilic elements. As discussed earlier, the literature suggests that the 
role of economics predominately governs the decision making process. For this 
reason, placing a monetary value on biophilic elements facilitates the 
communication of benefits to stakeholders and the community and can therefore be 
fed into the policy decision-making process.144 Although, it is readily understood that 
valuing natural assets it notoriously difficult.  
This section will summarise the literature exploring the impact of biophilic elements 
across various sectors of the economy, namely workplace environments, healthcare 
industry, retail industry and education.  
Workplace environment 
A 2012 report by Terrapin Bright Green recognised benefits of nature on building 
occupants, particularly employees in the workplace.145 Employees are recognised 
as a company’s biggest asset, with an estimated 90 per cent of a company’s money 
is channelled towards employees, while only around nine per cent is channelled 
towards rent and mortgage and less than one per cent is paid towards energy 
costs.146 147  
Socially, American psychologists discuss the five strongest necessities for 
employees to be:148 
1. Change in environment (fluctuating air, temperature, etc.) 
2. Able to engage with the environment and see results 
3. Meaningful stimuli (changing atmospheres as opposed to stagnant environments 
which can trigger chronic stress) 
4. A sense of security, identity and protection 
5. Views of nature.  
With such implications, biophilic elements in the work environment have the 
potential to have a significant impact in any workplace. Hence, the following sections 
will overview the benefits of these elements in terms of measurable indicators: 
absenteeism, presenteeism and overall employment generation. These measurable 
indicators are recognised to only capture a part of the picture. However given the 
complexity of measuring the economic benefits of biophilic elements this offers a 
starting point to begin to understand some of the quantifiable benefits. Natural 
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design features in the workplace can decrease employee absenteeism over a long 
period of time. A study by Elzeyadi investigated the impact of nature on employees 
in an administrative office building at the University of Oregon in the United 
States.149 The results showed that employees with physical views of nature from 
their office took an average of 57 hours of sick leave per year, as opposed to 68 
hours per year taken by employees with no view. Another study explored ING 
Bank’s office in Amsterdam, Netherlands.150 The directors at ING ensured maximum 
natural light and water features were integrated in the building design. The result 
was an absenteeism reduction by 15 per cent.  
Efforts to reduce sick day leave across all sectors with biophilic design can yield 
considerable benefits for any organisation including the significant costs caused by 
absenteeism. Another comparative examination of an old office space characterized 
by poor lighting and air quality versus a healthy, brightly day lit office showed greater 
activation of hormonal stress in occupants of the former and significantly less 
headaches of occupants in the latter.151 Appreciating that high levels of hormonal 
and cranial stress are strongly associated with advancing coronary heart disease —
a disease that costs Americans over US $108 billion a year — the physical 
environment of the workplace can play a role in better health in both short- and long-
term situations. 
Investing in employee satisfaction positively impacts overall company profit margin. 
Biophilic elements in an office space enhance workplace satisfaction, which in turn 
increases productivity and reduces psychological stress.152 According to the study 
by Terrapin Bright Green,153 a company of 1000 employees and an average wage of 
US $33.24 per hour could increase its profits by US $3.9million per year simply by 
increasing overall productivity by as little as 6 per cent. They also state that in the 
United States, unproductive time at work costs employers US $1,250 per employee 
per year in the public sector and US $938 per employee per year in the private 
sector. A study by Loftness determined that the cost of termination, replacement and 
loss of productivity equates to US $1,000, $9,000 and $15,875 respectively per 
employee.154 Many major companies are now investing money towards employee 
satisfaction. Herman Miller entice top candidate employees to join their company 
with green building design and lush landscape; the Bank of America Tower in 
Manhattan provides 90 per cent of their employees with views of green roofs, parks 
and/ or rivers in order to attract and retain the best employees.  
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Healthcare 
Emerging literature in the field defines biophilic urbanism as an opportunity to 
reintroduce nature into cities given the myriad of health benefits arising from daily 
views of nature. The studies attributing monetary savings to health and well-being 
explore the link between biophilic design and expedited recovery rates for patients, 
and improved overall patient, staff and visitor well-being.  
Roger Ulrich’s influential study in 1984 compared the effects of natural environments 
and urban settings on hospital patients recovering from gallbladder surgery.155 The 
study divided patients into two categories - views to nature and views of brick walls. 
Keeping all other variables equal, his study found expedited recovery rates and 
decreased stress levels in patients with views of nature. On average, it took 7.96 
days for patients in the former category to be released as opposed to the 8.71 days 
it took patients with from the latter category to recover sufficiently to be released. 
Other studies conducted demonstrated similar findings. Beauchemin and Hays 
conducted a study on 174 patients with bipolar and depression and found an 
average of 2.6 days shorter for patients with access to natural light.156 More 
specifically, those staying in naturally lit rooms fully recovered after an average of 
16.7 days, while patients in dully-lit rooms were released after an average of 19.5 
days. Another study on bipolar patients found a mean stay of 3.67 days shorter for 
patients with exposure to natural light when compared with patients that were not.157 
This decrease in hospital stay reduces inpatient care costs, which serves as a cost-
effective method to achieve significant monetary savings.  
In addition to reducing inpatient care costs, tending to the psychological needs of 
patients, staff and visitors has understated economic benefits. Numerous factors, 
particularly in a hospital setting, can trigger stress, inhibit blood pressure 
stabilisation and exacerbate anxiety in patients. Studies in horticulture therapy and 
healing gardens, however, demonstrate the potential to provide positive distractions 
that hold attention away from stressing thoughts and promote overall well-being. 
This is because healing garden have repeatedly been reported to trigger enjoyable 
memories, promote good health and provide a place for social connectivity. This in-
turn reduces the administration of pain medication.158 
Benefits of exposure to nature also translate to hospital staff members who have 
shown to recover more quickly from stress and perform better as opposed to staff 
with limited access to views of nature. The latter have been reported to feel the 
effects of anxiety, depression and lower job satisfaction. Additionally, reducing staff 
Dissertation: Omniya el-Baghdadi 
Chapter 1: Introduction 21 
responsibility (the responsibility of patient recovery and well-being) and providing 
access to natural settings for a break eases stress and enhances overall staff well-
being. Benefits of biophilic hospitals extend to family members and visitors. A study 
found that an overwhelming 95 per cent of all people visiting inpatients were more 
relaxed, rejuvenated, positive, less stressed and more able to cope with the 
situation.159  
Sales and Retail 
The tranquil effect of nature has been reported to boost sales by enticing consumers 
into stores, affecting purchasing choices and the valuing of goods. A 2005 study by 
Wolf tested the effect of biophilic store designs on consumers.160 Photographs of 
three different shopping environments were shown to participants: streets with no 
vegetation, streets with scattered vegetation and streets with high vegetation 
content. Participants were asked to measure the visual quality, place perception 
(judgment of products, product value, and merchant responsiveness), patronage 
behavior (frequency and duration of shopping actions), and price perceptions. 
Participants rated the street with high vegetation content as most preferable, even 
though plants obscured some products. In fact, participants found that the street 
embedded with biophilic elements were positive additions to their overall shopping 
experience and hence were willing to pay more. They explained that this would most 
likely prompt them spend more time in shop and visit the business district with 
prevalent vegetation more frequently. Tidy streets with no vegetation, on the other 
hand, received the lowest scores. 
In another study, Joye et al found that consumers are more likely to purchase more 
merchandise in stores embedded with strategically placed natural vegetation.161 In 
fact, most store and mall layouts today are intentionally designed to lure shoppers 
through a maze of products that have been placed around strategically placed pot 
plants, trees and natural light. These slight modifications to a shopper’s experience 
can lead to greater profits margins to retailer. 
The 2005 study by Wolf also found a significant increase in the hedonic value of 
products sold in streets with prominent biophilic elements than streets devoid of 
vegetation.162 Respondents indicated that an acceptable price for an item in 
specialty shopping was 15 per cent higher for specialty shopping (i.e. gift for a family 
member), 25 per cent more for general shopping (i.e. a new dress or watch) and 20 
per cent higher for an item in convenient shopping (i.e. a juice or sandwich for 
lunch). Biophilic design in the realm of retail shopping has shown to stimulate the 
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shopping experience for consumers and hence enhance economic viability of 
stores. 
Education 
Outside the home, the classroom is possibly the most influential place where 
students will expand social skills and experience rapid brain development. Thus it is 
critical to create classrooms that foster optimum learning for students. Research 
shows that biophilic design has compounded positive implications in schools. 
Classrooms that are strategically designed with vegetative elements have shown to 
reduce absenteeism, enhance student-learning rates and even improve health. 
Furthermore, schools that provide access to nature also have a positive 
psychological influence on children by promoting better behaviour, mental 
restoration and enhanced concentration. The following paragraphs overview studies 
that explore the impacts of nature on school children and the potential measurable 
savings. 
• Reduce absenteeism: Significant tax money goes towards education and hence 
reducing absenteeism has financial implications. In their study, Nicklas and 
Bailey found that classrooms with optimal daylight increased attendance by 3.2-
3.8 days per year compared with attendance at schools that lacked natural 
light.163 In a school with 633 students, this translates to US $126,283 savings in 
tax dollars that were not wasted through student absences.  
• Enhance performance: Biophilic elements also have a positive effect on student 
performance. 17 studies from 1934-1997 found that natural light positively 
influences test scores, achievement of students and even reduces off-task 
behaviour.164 In a single school district, the study by Nicklas and Bailey found 
that students in day-lit classrooms performed 5-14 per cent better than students 
in windowless classroom. 165 In fact, their study reported a 17 per cent drop in 
test scores in those classrooms without access to natural light. A similar study 
by Heschong explored the impact of natural light in the Capistrano, CA school 
district.166 Classrooms with direct views of nature and daylight were coupled with 
higher test scores. More specifically, the study results revealed that students in 
classrooms with natural lighting tested 7-18 per cent higher than those with little 
or none. These students also exhibited 20-26 per cent accelerated learning rate 
than others. Higher attendance rates and performance have long-term 
implications nationwide. Research shows that improved school experiences will 
most likely increase the rate of school retention as students move through the 
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education system. This is significant because according to The National Center 
of Secondary Education and Transition (NCSET) a student that drops out of high 
school will earn US $9,245 less per year than a high school graduate.167 This 
same student that dropped out of the class of 2007 could have contributed an 
additional US $329 billion in income over their lifetime.168  
• Reduce stress levels: Beyond exposure to natural light in schools, experience in 
nature has been reported to influence the stress levels in children. To test 
whether nature acts as a buffer psychological stress levels, 9-year old school 
kids from rural schools in five communities in upstate New York in the US were 
monitored. To ensure accurate findings, factors like socioeconomic status were 
controlled. The results found that among the 337 children in the study, the 
impact of life stress in children with daily exposure to nature was significantly 
less than those with comparatively low levels of nature exposure.169 Despite the 
built environment continually encroaching on expanses of nature, another study 
found that 96 per cent of children draw illustrations of an outdoor location when 
asked to draw their favourite place.170 
1.5 Rationale and purpose for the research 
As the use of biophilic elements begins to gain momentum in some cities, it is 
evident that some governments and councils recognise the positive potential a 
biophilic building, neighbourhood or city has to offer. Despite this rise in 
implementation and a growing literature on the economic benefits yielded from 
biophilic elements, still many challenges remain to structurally value and 
systematically integrate biophilic urbanism in landscape planning, management and 
design.  
In this section the challenges discussed are used to present impetus for the 
research, and the assumptions used to set the research questions. As 
demonstrated, sustainability in city design is both urgent and necessary, and yet 
there still lacks a systematic understanding, particularly economic understanding, to 
inform the economic case for biophilic urbanism.  
As discussed earlier, the social and environmental components of sustainable 
development arguably should top the hierarchy of priorities, however in reality 
economics plays a significant role in the decision making process of most contexts.  
This reality is critiqued by many  (such as Hamilton171) expressing that protecting 
and perhaps enhancing natural assets through market value decision-making is in 
fact flawed. This suggests the need to shift from a narrow financially driven 
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economic system to one that incorporates and emphasises non-quantifiable values. 
Indeed, this requires an expansion upon the current economic paradigm to 
strengthen the role of the social and environmental components. This sheds light on 
a significant issue within the current decision making process; however, this issue is 
outside of the scope of this dissertation. Instead, this foundational research aims to 
explore biophilic urbanism within existing conditions; rather than critiquing and 
offering suggestions to improve the current state of the decision making process. 
For this reason, the scope of this research becomes exploring the economic method 
of enquiry used to inform decisions that are often convoluted due to variations of 
contexts causing the ad hoc implementation of biophilic urbanism.  
In light of these findings, the research problem is about disruptions, processes and 
decisions that occur when urban-related challenges are recognised and addressed. 
The focus is on the method of economic enquiry for informing biophilic urbanism in 
cities, where the case studies offer examples of successful implementation of 
biophilic elements in various contexts globally. The study draws general conclusions 
from the five cities to inform biophilic urbanism across all three scales – city, 
neighbourhood and building. Ultimately, the study aims to provide foundational 
considerations for the economic case for biophilic urbanism across various contexts. 
This could then be studied further by interrogating the sub-components of findings in 
rigorous detail. Hence, this will significantly contribute to the field of biophilic 
urbanism. 
Within this context, the overarching research problem was subsequently refined 
over the course of the thesis development to the following: 
How can economics measure and inform the process of considering 
biophilic elements in cities?  
With regard to terminology used in the research problem, a number of terms are 
used intentionally. Emphasis is placed on the whole system economic enquiry, 
namely neoclassical, environmental and ecological. This study is focused on 
capturing the characteristics underpinning decisions that have incorporated biophilic 
urbanism, which then becomes a pathway to further explore the potential to 
mainstream biophilic urbanism across cities.  
The use of the term ‘mainstream’ is not intended to suggest the use of certain forms 
of urban nature, or a certain amount of urban nature present – rather, the use of the 
term in this dissertation refers to the intentional prioritisation, consistent inclusion 
and comprehensive application of biophilic elements in the built environment. This 
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means that the application of biophilic urbanism would be the default approach 
across most types of development (i.e. industrial, intuitional, commercial and 
residential) rather than the exception, making it standard operating practice. This 
was informed by various dictionary definitions including “the principal or dominant 
course, tendency or trend”172 and “a prevailing current or direction of activity or 
influence”.173 
In light of this, this dissertation proposes that incorporating requires an intentional 
method of economic enquiry, to overcome barriers to decision making related to 
uncertainties about capital and operational costs. Hence, this study is focused on 
how it may occur across various contexts to break down the barrier of transferability 
of biophilic elements. This will be informed by exploring five global case studies - 
Portland, Chicago, Toronto, Berlin and Singapore to collectively inform biophilic 
urbanism across the three scales – city, neighbourhood and building 
The rationale for selecting these cities is discussed in Section 3.5.2. The results of 
this study are not intended to be exhaustive, but rather offer a foundational context 
to the economic understanding of decision related to biophilic urbanism.  
Two key aspects of the research problem are what economic theories can be used 
to capture the value of biophilic elements, and how has this been used to inform 
decisions. In particular, what can the field of economics offer to present the business 
case for biophilic urbanism? Has this in fact occurred in the five case studies? 
The dissertation is hence about understanding and adding to conceptual knowledge 
associated with biophilic urbanism and the decision making process. Within this 
research, a sufficiently concrete comprehension of what economic theories can be 
used to inform decisions will be presented, particularly the theories developed to 
capture the various values of urban nature in the built environment. In the final 
chapter, this understanding will be built upon to consider implications to theory and 
practice, and implications for further research in the field.  
1.6 Research significance 
The research problem is considered significant for the following reasons: 
1. The exploration of incorporating biophilic urbanism is particularly important as is 
evident from the literature that current city design as well as increased 
population trends and increased climate change pressures calls for holistic 
solutions. 
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2. This research problem is important to contributing to the emerging 
understanding of biophilic urbanism that implementation across cities is not 
random and ad hoc, by bringing together literature on economics and decision 
making to highlight underlying commonalities. 
3. This research problem explores mechanisms to incorporate embedding biophilic 
elements in cities. This has the potential – if suitably equipped – to be a major 
contributor to city transition to a more liveable and sustainable built environment. 
There is currently a global need for cities to grapple with the rising issues of 
climate change and unsustainable city design. Through providing guidance on 
the process of economic enquiry for biophilic urbanism, cities around the world 
will have a strong foundation to consider engaging with the process.  
4. This research problem provides an opportunity to learn from five global cities 
that have successfully introduced biophilic elements in their respective cities. It 
is apparent from the literature the a rising population coupled with an inevitable 
rise in the rate of urbanisation calls for sustainable urban design to not only 
mitigate against urban related challenges but to also enhance liveability in the 
built environment. In the context of such challenges, it is critical that any 
changes to urban design are made with much consideration and intention to 
decouple environmental pressures from economic development. 
5. The research problem provides an opportunity to identify a number of core 
characteristics of the economic consideration of biophilic elements into a 
decision making model to make a contribution to the concept of ecosystem 
services in the built environment. There is currently a lack of understanding of 
the method of economic enquiry across cities. This has created ad hoc 
implementation of biophilic elements, hindering transferability across cities. 
Experiences of five successful examples of biophilic elements offer significant 
insight into the common underlying method of enquiry, highlighting 
characteristics that could be amended to suite multiple contexts. The study 
focuses on developing a number of core characteristics of the economic enquiry 
to be brought together in a decision making model that provides guidance on the 
process of integrating biophilic urbanism within the urban environment. 
6.  The research problem provides a platform for further future research, based on 
the findings of this study. The rapidity to which the decision model will be used in 
practice will likely be impeded to a certain extent by the nature of institutional 
practices. The conceptual basis of the economic understanding of biophilic 
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urbanism first needs to be well researched. This will be done through an 
exploration of what the literature is demonstrating current method of economic 
enquiry, and from experiences of five global cities providing real life examples. 
This presents opportunities to compare and contrast literature findings with real 
life examples.  
7. In this study, within the concept of ecosystem services the question of its role in 
informing biophilic urbanism is asked. Additionally, the decision making flow 
informed by five global cities is presented. Ultimately, other researchers will be 
able to dive deeper into each component within the decision flow as this level of 
detail is out of the scope of this study. Indeed this research question provides 
potential trajectory for future research as detailed in Chapter 7.   
1.7 Assumptions and limitations 
This research problem contains a number of assumptions. Exploration of relevant 
literature created a robust framing of the research problem. 
• Sustainable development is the favoured end-goal for cities worldwide. 
• Urban green space or biophilic urbanism provides access to sustainable 
development by providing social, environmental and economic benefits, and 
therefore holds value in being mainstreamed globally. 
• Economic valuation of benefits is fundamental to supporting decisions. 
• Deepening the economic understanding of biophilic urbanism will facilitate the 
mainstreaming of elements across cities. 
Research limitations are discussed in Section 3.8, outlining the validity and reliability 
of results.  
1.8 Thesis Outline 
Building on the introduction provided in this chapter, the remainder of this 
dissertation document is structured as follows: 
• In Chapter 2 a summary of economic insights and considerations in regards to 
biophilic urbanism is presented. The summary follows the three prominent 
schools of thought within the discipline, namely neoclassical economics, 
environmental economics and ecological economics. The relevant theories and 
models identified are used to inform the theoretical framework which this 
dissertation will be explored through. 
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• In Chapter 3 the research design is outlined, included the overarching research 
methodology and the triangulation research approach used in this dissertation. 
Ethical issues and considerations are also summarised as well as highlighting 
the limitations of this research project.  
• In Chapter 4, a summary of the five global case studies is presented. More 
specifically, a discussion of the emerging themes and trends across the five 
case studies using three case study analysis techniques. The first technique will 
provide opportunities for chronological comparisons across the five cities, 
highlighting the emerging economic pathways. Subsequently data is coded 
using the qualitative analysis program NVIVO. Finally, a clustering exercise will 
organise and categorise the coded data into meaningful information highlighting 
themes or gaps for further interrogation.  
• Chapter 5 presents a thematic analysis of the Stage Two interviews, which were 
conducted to address gaps and confirm results. 
• In Chapter 6, the concept of ecosystem services is extended to the built 
environment context. Biophilic services is presented, defined and explained. 
Subsequently, a model for the economic method of enquiry for biophilic 
urbanism is proposed. This model extends the existing decision models of 
ecosystem services, including four conceptual areas that must be considered.  
• In Chapter 7 a summary is provided of what this thesis has confirmed from 
existing literature on biophilic urbanism, and the process of case studies and 
semi-structured interviews. Conclusions are presented with regard to what this 
thesis extends, and what it refutes. A series of propositional statements are 
presented for further research. 
1.9 Conclusion 
In this chapter, a review of literature regarding rising global population and 
increased urbanisation trends presented strong evidence of a critical need to 
decouple environmental pressures from economic development. The literature 
review also found clear evidence of the role of green space in the built environment 
in providing one avenue to achieving sustainable development in cities. Biophilic 
urbanism was identified as an opportunity to systematically introduce or enhance 
natural design features in the built environment to not only mitigate against the rising 
issues of climate change but to also make cities liveable for residents and 
ecosystems alike.  
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It was evident from the literature that biophilic urbanism provides a myriad of 
benefits spanning across the social, environmental and economic contexts. There 
was also substantial evidence of the rise of implementation of this urban design 
method across cities worldwide. However, this has started to highlight the ad hoc 
nature of implementation, impeding transferability across alternative contexts. A lack 
of systematic understanding of the method of economic enquiry into decision-
making makes incorporating biophilic urbanism difficult. Within this context, the role 
of economic understanding is recognised to facilitate and strengthen the economic 
case of biophilic urbanism.  
The research problem formulated based on the gaps identified in the literature, is 
considered to be appropriate, with future potential application to a variety of other 
contexts facing similar.  
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2 Economic Insights and Considerations  
The previous chapter defined biophilic urbanism and its ad hoc implementation 
worldwide. It also discussed and identified the prominent gap in systematically 
measuring biophilic elements. A full comprehension of an environmental problem 
often calls for a holistic approach to quantification.174 A neoclassical economist will 
see the world through a neoclassical lens and formulate problems accordingly. 
Environmental and ecological economists will see the world through their respective 
lenses. Within this context, this chapter explores the different schools of thought in 
economics in relation to the environment. It overviews a spectrum of economic 
understanding ranging from a monetary market based returns (i.e. neoclassical 
economics) through to more indirect intangible valuations of the environment (i.e. 
environmental and ecological economics). It is concluded that a broad information 
base encompassing more than one economic perspective is preferable to the 
narrow information base of only one paradigm. 
The chapter begins by presenting a historical background of the emergence of the 
economic field. “Classical economics”, as it is known as today, is discussed 
highlighting this fields’ relationship with nature and ultimately its demise, triggering 
the emergence of neoclassical economics. Although neoclassical economics 
restricted the role of nature, distinguished and well-renowned theories from 
neoclassical economists will be explored to determine the role it could potentially 
play in measuring biophilic elements. The chapter includes an exploration of the role 
of markets and exchange value, or market-based allocation of goods and services. 
Within this ever-evolving field of economics, others academics draw attention to 
expanding economic enquiry. Theories from environmental and ecological 
economics are explored, which introduce fundamental theories such as ‘externality 
analysis’ and ‘ecosystem services’, both of which could facilitate the measurement 
of biophilic elements. Following the identification of various economic schools and 
relevant theories, this chapter discusses possible direct/in-direct market-based and 
direct/in-direct non-market based economic services of biophilic elements. The 
chapter concludes with a presentation of an emergent theoretical framework that 
underpins this dissertation. 
2.1 Historical background 
The term “economics” was first introduced by the Greek writer, Xenophon, using it to 
refer to the art of household management.175 Extending the term to a national level, 
in 1776 Adam Smith published his seminal text “The Wealth of Nations”. Smith 
explored the nature and causes of economic progress and advocated the 
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significance of the “invisible hand”. The notion of the invisible hand dictates that 
under the right circumstances, society’s best interest will be served by leaving 
individuals free to pursue their own selfish interests.176 This became known as 
classical economics and dominated economics until the last quarter of the 
nineteenth century. Classical economists, particularly Malthus, believed that the 
long-run prospects for improving living standards were poor. This assumption was 
based on the belief that agricultural land’s production is limited and will not be able 
to sustain the growing human population.177 Thus, the environment, according to 
classical economists, set limits to economic expansion. 
Classical economists regarded natural resources as distinct to analysis due to the 
important services it offered.178 These economists also regarded land as a non-
substitutable production input, hence classical economics was widely known as the 
“dismal science”. This was because it adopted the notion particularly associated with 
Ricardo’s law on diminishing returns on land and Malthus’ ideas that the long-run 
prospects for improving living standards were poor. These views assumed fixity of 
the supply of agricultural land, together with the propensity of the human population 
to grow in size. This means that for the classical economist, the environment set 
limits to the expansion of economic activity so that the long-run tendency would be 
for the wages of workers to be driven down to subsistence level, which Mill predicted 
would cause the economy to reach a steady state.179 Appreciating this natural 
constraint, Malthus and economists alike recognised natural capital (in the form of 
land) as a core value in classical economic analysis. Although the direct use of 
land’s contribution was recognised, its intangible benefits were not, with Crocker 
reflecting that “...no economist of stature deliberated upon the life support and the 
amenity services that natural environments offer.” Figure 2-1 captures this view on 
wealth generation through land, with only direct benefits acknowledged. 
 
Figure 2-1: Representation of Malthus view of wealth 
Source: Adapted from Costanza et al, 1997 180 
Tangible benefits 
Natural capital (land) Wealth 
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As classical economics evolved, economists began to recognise labour as the major 
force backing the production of wealth. This was clearly reflected in Smith’s Wealth 
of Nations, which describes the wealth of a particular society as the result of the 
labour it embodies. Regardless, Smith still regarded the timber of the woods, the 
pastures from rangelands and the yield of the soil as ‘natural production’. He did not 
consider the value from nature itself; rather the value from the rent derived from its 
appropriation was significant.  
Classical economists did not create the link between nature’s services and 
exchange value. Rather, it was simply the end of production that was considered 
valuable to the classical economist. For instance, Say describes nature as: “…the 
wind which turns our mills and even the heat of the sun, work for us; but happily no 
one has yet been able to say, the wind and sun are mine, and the service which 
they render must be paid for”.181 Similarly, Ricardo denied that nature’s services 
contributed to the creation of market-based allocation of goods and services by 
stating that services “are serviceable to us…by adding value in its use; but as they 
perform their work gratuitously, as nothing is paid for the use of the air, of heat, and 
of water, the assistance which they afford us, adds nothing to value in exchange”. 
Figure 2-2 illustrates Ricardo’s view of wealth, placing labour as the core contributor 
to wealth. 
  
 
Figure 2-2: Representation of Ricardo view of wealth 
Adapted from Costanza et al (1997) 182 
In contrast, the work by Marx is rich in ecological hints, offering some appreciation of 
the role nature plays in enhancing wealth. Inspired by Liebig’s and Moleschott’s 
analysis of the cycles of plant nutrients, Marx anticipated industrial ecology by a 
century using the concept of metabolism to analyse human-nature interaction. Marx 
believed that value emerges from the equal contribution from natural capital and 
labour, as illustrated in Figure 2-3, stating, that “Labour is not the source of all 
Natural capital 
Labour Wealth 
Services from nature as ‘free’ 
Natural agents were only 
considered valuable in use 
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wealth. Nature is just as much the source of use values as labour, which itself is 
only the manifestation of a force of nature”. However, Marx still failed to see the 
services offered by ecosystems and dictated the need for nature together with 
labour to produce market-based allocation of goods and services. 
 
 
Figure 2-3: Representation of Marx view of wealth 
Adapted from Costanza et al (1997) 183 
In the 19th century, driving forces such as the industrial revolution coupled with 
unprecedented technological development contradicted the dismal prediction by 
classical economists. As such, classical economics did not fare well and according 
to a new wave of emerging economists it was incorrect. This new wave of 
economists argued that classical economists such as Ricardo and Malthus were 
incorrect as they overlooked technological progress.184 This shift into the new 
economic paradigm saw the gradual dismissal of the role of nature and shifted from 
deriving value from its direct use to fixating on technological advancement to 
produce goods and services. This will be discussed in depth in the next section, 
neoclassical economics. 
2.2 Neoclassical economics  
By the 1950s neoclassical economics became the dominant paradigm describing 
economic activities, which is, to a certain extent, still true today. Contrary to classical 
economics, neoclassical economists believe that given proper economic 
management, living standard could go on rising indefinitely. This pursuit of economic 
growth became the dominant objective of economic policy. This was significant for 
neoclassical economists because it offered the prospect of alleviating poverty in a 
relatively painless way. In principle, orthodox economists such as Barnett and More 
from this new school of thought assumed that resources can be substituted without 
restrictions.185 These economists rejected the notion of absolute scarcity. Instead to 
them resources are only scare relative to another resource, or of a different (lower) 
quality of the same resource. This relative scarcity, they argue, can be overcome by 
Natural capital  Labour Wealth 
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substitution where relatively scarce resources can be substituted for abundant ones. 
Resources are therefore unlimited, with science and technology offering options for 
perpetual substitution.  
Overviewing the evolution of this field provides understanding of dominant 
ideologies and theories underpinning this school of thought, which have become the 
foundation to all economic activities today. The emergence of neoclassical 
economics saw the prominent shift from wealth to focusing attention on the 
individualistic element, exchange. This was soon coupled with understanding human 
behaviour with Menger defining economics in 1871 as “relating to the practical 
activities of economizing men”.186 Building from this and taking motivations into 
considerations, economists such as Jevons and Marshall found significance in 
coupling psychology with economic understanding. This change was marked by 
explanation in terms of utility or value, which considered welfare judgment and how 
choices are made. The significant shift to this new view of economics was marked 
with Marshall’s definition in his ‘Principles of Economics’ 1890:187 
Political Economy or Economics is a study of mankind in the ordinary 
business of life; it examines that part of individual and social action which 
is most closely connected with the attainment and with the use of the 
material requisites of well-being…Thus it is on the one side a study of 
wealth; and on the other, and more important side, a part of the study of 
man. 
Exploring the components of this definition, Marshall points to a few crucial 
elements that have shaped the future of economic understanding. Firstly Marshall 
claims that economics is essentially the “study of man”. Secondly, he emphasises 
the significance of human interaction with the evolving environment of which they 
reside and the choices they make in the face of these changes. Therein value is 
equated with utility and no longer lies in the goods, but rather in the mind of the 
individual (i.e. people’s preferences).188 
Understanding of the significance of choice emerging in economics, Robbins 
explored the role scarcity plays in choice. In his 1932 Essay on the Nature and 
Significance of Economic Science, he defined economics as “the science that 
studies human behaviour as a relationship between ends and scarce means which 
have alternative uses”.189 Robbins’ definition triggered the occasional appearance of 
scarcity in new textbooks; however wealth and exchange remained dominant. A few 
decades later, McConnell defined economics as a subject very much focused on 
choice on the social level:  
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Recalling that wants are unlimited and resources are scarce, economics 
can be defined as the social science concerned with the problem of using 
or administrating scarce resources (the means of producing) so as to 
attain the greatest or maximum fulfilment of our unlimited wants (the goal 
of producing).190  
What these economists’ definitions point to, is: scarcity makes choice necessary; 
hence placing the issues of resource allocation and distribution problems to the 
forefront.  
The terms exchange, motivations, value and scarcity became the prominent ideas 
underpinning neoclassical economics. Understanding these meant attempting to 
attain unlimited economic growth within the constraints of scarce resources, which 
as mentioned earlier, is the dominant objective. Attainment of economic growth 
meant attaching value to all goods and services, welfare attainment for the individual 
consists of satisfying unlimited wants in the face of scarcity in an economy with 
endless growth potential. Hence, neoclassical economists advocate objective 
decision making rules in order to pursue optimal monetary outcomes for the 
economy. This has made the market a significant pillar as it potentially corrects any 
problem. Figure 2-4 illustrates this basic assumption in an economy.  
 
 
Figure 2-4: Neoclassical view of economy 
Source: Harris, J.M. and Codur, A.M. (2004) 191 
Households sell or rent land, natural resources, labour and capital to firms in 
exchange for rent, wages and profit (factor payments). Firms combine the factors of 
production and produce goods and services in return for consumption expenditures, 
investment, government expenditures and new exports. This view argues that only a 
free-market system can attain the best possible allocation of resources through 
individuals acting in their own best interests and without government intervention.192 
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2.2.1 The dilution of nature in exchange value 
The rise of the marginalist revolution, which started in the 1870s by authors such as 
Menger, Walras and Jevons, caused deep effects in the economic analysis of 
nature.193 This marginalist revolution restricted economic analysis to the sphere of 
exchange values, in other words everything was valued in terms of money. Pigou 
reiterates this by saying, “The one obvious instrument of measurement available in 
social life is money. Hence, the range of our inquiry becomes restricted to that part 
of social welfare that can be put directly or indirectly into relation with the measuring 
rod of money”.194 This became known as exchange value theory, which dictated that 
monetary analysis is restricted to the limits of markets. 
Between the 1910s and 1930s a few authors such as Gray, Ramsey, Isa and 
Hotelling recognised the external effects that resource depletion could potentially 
have on future generations. However, this did not fare well and in the 1930s 
economists’ interest in resource depletion progressively languished. This position 
was strengthened with the notion that technological innovation would allow for 
increased substitutability between production inputs such as land and capital, which 
as mentioned above was what distinguished neoclassical economics from classical 
economics. As stated by Hubacek and van der Bergh:  
By the second half of the 20th century land or more generally environmental 
resources, completely disappeared from the production function and the shift 
from land and other natural inputs to capital and labour alone, and from 
physical to monetary and more aggregated measures of capital, was 
completed.195  
Deviating further from the notions introduced by classical economics, land had been 
under the implicit assumption that natural capital could be substituted by 
manufactured capital. At this stage, neoclassical economics solidified its position in 
the market power and in only valuing goods and services with an exchange value 
i.e. market-based ecosystem services. For instance, in the context of the concerns 
on resource depletion raised by the oil shock, Solow expressed that as a particular 
resource becomes scarce, the self-regulatory capacity of markets raises prices and 
causes consumers to move to alternative consumption goods. 196 Shortly after, 
Solow stated:  
If it is very easy to substitute other factors for natural resources, then there is 
in principle no “problem”. The world can, in effect, get along without natural 
resources, so exhaustion is just an event, not a catastrophe”. 197  
Similarly, Naredo added: 
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The problem of [physical] scarcity was reduced to a problem of scarcity of 
capital, considered as an abstract category that could be expressed in 
homogenous monetary units.198 
2.2.2 Exchange Value Theory and Biophilic Urbanism 
In market-based economies, economic efficiency based decision making dominates 
most policy branches. This means that environmental decisions are often placed 
within the framework of exchange value theory. Natural scientists are embracing 
pragmatic valuation and market-based approaches because it fits in with today’s 
dominant ideological and institutional economic structures.199 200 Market-based 
policy designs have been in advantaged position to reach decision-making and to 
get policy proposals implemented.  
For this reason, the foundation of the biophilic business case will be based on key 
elements from neoclassical theory of economic growth with natural capital. 
Neoclassical economics adopts a very specific philosophy in its ideologies about 
marginal costs and benefits and generally in its approach to practical economic 
analysis at the societal level. This monetary reductionism philosophy assumes that 
everything can be expressed in monetary terms or in terms of value.201 Under the 
overarching exchange value theory, economic cost-benefit analysis (CBA) is a well-
known tool for aggregating the economic value of a project’s effects, measured in 
terms of market prices. This follows the notion of looking to the role of markets as a 
concept and practical achievement of environmental sustainability that is beneficial 
for the economy.  
Broadly speaking, the neoclassical approach can be characterised as an attempt to 
render environmental issues amenable to conventional microeconomic analysis, by 
turning discrete environmental goods into priced commodities. With this in mind, 
neoclassical environmental economists would ask: What is the viability of a biophilic 
element?  Drawing on its marginalist traditions, the neoclassical response would be 
that a biophilic element is considered viable at the point where benefits outweigh the 
costs – that is a cost benefit analysis, in which the benefits of the biophilic element 
must be calculated in monetary terms and then compared over time with monetary 
costs of installation and maintenance. 
2.2.3 Flaws in Neoclassical Economics 
A new wave of economists began to question this arguing that since this form of 
market does not capture the full value of natural capital, in essence it is motivating 
inefficient decision making. This has caused economists to rethink ecosystem 
services. Starting in the early 1960s, neoclassical economics began to show a 
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renewed interest in the natural environment and it now includes the two important 
specialisations, or sub-disciplines, of environmental economics and natural resource 
economics (sometimes just resource economics). Environmental economics 
primarily concerns itself with the economy’s insertion into the environment, and with 
problems of environmental pollution. Natural resource economics concerns itself 
primarily with the economy’s extraction from the environment, and with problems 
associated with the use of ‘natural resources’. While neoclassical economists do not 
ignore the natural environment, they do not think that an understanding of the 
connections between the economy and the environment is an essential part of an 
economist’s education. 202 
With growing concerns with air pollution, environmental economics emerged in the 
1970s to incorporate and tackle this newly prominent issue. This, environmental 
economists argued, has resulted from the failure of the market system to place a 
value on environmental goods, services and amenities. Particularly since the 
environment provides economic functions and benefits that are not being accounted 
for in neoclassical models. This new school of thought expanded economic 
modelling to incorporate the economic impact of resource depletion and pollution. 
Basing environmental economics on neoclassical philosophy203, markets can play a 
significant role in allocating environmental resources efficiently, in a socially optimal 
way, similar to economic products.  
2.3 Environmental economics  
Identifying the shortcomings of neoclassical economics, a new wave of economists 
recognised the natural environment as a crucial component of the economic system. 
They sought to integrate it into economic analysis in the same way labour and 
capital were; that is, as assets and resources204 and as commodities capable of 
being sold, traded and invested205. Hence, environmental goods, services and 
amenities need to be priced in order to participate in the market economy. The 
rationale underpinning environmental economic logic is pricing people and firms’ 
real prices for using natural goods and services, which in turn triggers environmental 
assets to be incorporated into market decisions. This, according to environmental 
economists, is the most effective solution to environmental problems. A market 
reflecting the relative scarcity of natural resources and assets served as the 
foundation of environmental economics.206 The following sections will discuss the 
most significant theories from this school of thought; highlighting how environmental 
economics builds on from neoclassical economics. 
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Contrary to neo-classical economics, environmental economists argues that 
economic efficiency of a monetary activity occurs at the point where net social 
benefits are higher than net social costs or when the marginal benefits are 
equivalent to the marginal costs.207 Building on from conventional cost-benefit 
analysis (CBA), environmental CBA is an analytical tool that follows the theories of 
environmental economics by aggregating the total costs and benefits of a project or 
policy and portrays welfare improvement only if net social benefits are larger than 
net social costs.208 Environmental CBA, though, is difficult to conduct since many 
social costs and benefits are non-quantifiable.209  
With significant difficulty in quantifying environmental goods and services, total 
economic value (TEV) emerged in the mid-1980s and is now recognised as an 
important concept that helps capture the true value by identifying the quantifiable 
and also some non-quantifiable benefits of a good or service.210 The valuation of 
these non-market benefits sheds light on the high and wide-ranging economic costs 
associated with environmental degradation, which extend far beyond the loss of the 
resource’s quantifiable benefit.211 TEV identifies two categories of benefits derived 
from using an environmental good, use and non-use values. This breakdown of 
potential benefits ensures that almost all benefits of a good or service are 
recognised. 
Use values refer to the values that individuals derive from directly using the 
environmental good; while non-use values refer to the value individuals get from the 
environmental good even if they are not necessarily using it.212 Use values can be 
further categorised into direct use values, indirect use values and option values. 
Direct use values come from the direct consumptive use of the environmental good. 
Indirect use values refer to the secondary benefits of an environmental resource 
elsewhere, such as a tree’s ability to mitigate stormwater flow. Finally, option value 
refers to individuals who do not necessarily use a resource in the present time, but 
still value the option of using it in the future.  
Non-use values are the values that individuals may derive from an environmental 
good without necessarily using it or intending to ever use it. These can be further 
classified into existence value, bequest value and altruistic value. Existence value is 
defined as the value a person may place upon the conservation of an environmental 
good, which will actually never be directly used by them or by future generations. 
Bequest value refers to the idea that future generations will have the chance to 
enjoy an environmental resource. Similar to bequest value, altruistic value refers to 
the selfless thought of preserving an environmental good for future generations even 
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if they do not intend on ever using it.213 Figure 2-5 captures the Total Economic 
Value of natural assets and services, demonstrating the various categories involved 
in valuation. 
 
Figure 2-5: Composition of the Total Economic Value (TEV) of natural resources 
Source: MEA, 2005 214 
Methods for valuing environmental resources were, in fact, developed as far back as 
the 1970s, however they only gained considerable recognition in the late 1980s.215 
Appreciating the maturity of the literature on valuation techniques, there is a plethora 
of articles in this field.216 217 These valuation techniques were developed to evaluate 
the worth of land and resources in order to adequately allocate funds, lands, natural 
products, and other resources.218  
Although valuation techniques are quite useful tools, they still do encounter several 
significant challenges. One challenge is that valuation is usually incomplete. Some 
environmental benefits, such as non-use values, may never be quantifiable and 
some are not even recognised.219 Economic valuation is also partial because it is 
only one of many sources of information for environmental planning and decision-
making and will not necessarily ensure protection. One study contends that 
economic valuation is not even considered in an environmental manager’s day-to-
day decisions.220 Another challenge relates to their practicality. Most valuation 
techniques require large amounts of data and human resource capacities, which 
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require time and funds.221 Also, results can often contain omissions and 
inaccuracies.  
Economic valuation is normally based on a specific person’s or group’s thoughts or 
ideas of what an environmental good or service is worth at a particular point in time. 
This data may not be universally valid nor be able to be extrapolated to different 
groups, areas, or species. Studies indicate that aspects such as culture, variations 
in property rights222, poverty, and inequality223 are the main reasons to these 
inaccuracies. Valuation methods also hold the risk of being bias, often 
overestimating the benefits to serve a particular agenda.224 Finally, these valuing 
techniques could at times have a negative effect on environmental issues such as 
biodiversity protection. This is because incomplete or incorrect valuation could 
depict biodiversity conservation as less favourable, thus granting developers or 
decision makers the legal credibility to confidently pursue a project. Table 2-1 
summarises the most cited valuation techniques from the literature along with their 
advantages and disadvantages.  
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Table 2-1: Economic valuation techniques 
Method Advantages Disadvantages 
Hedonic 
pricing 
method225 
Based on observable and readily 
available data from actual behaviour 
and choices 
Difficulty in detecting small effects of 
environmental quality factors on property prices. 
Connection between implicit prices and value 
measures is technically complex and sometimes 
empirically unobtainable. 
Ex post valuation (conducted after the change in 
environmental quality or quantity has occurred). 
Does not measure non-use values. 
Travel cost 
method226 
Based on observable data 
observable data from actual 
behaviour and choices. 
Relatively in expensive. 
Need for easily observable behaviour. 
Limited to in situ resource situations including 
travel. 
Limited to assessment of current situation. 
Possible sample selection problems. 
Ex post valuation. 
Does not measure non-use values. 
Replacement 
cost 
method227 
Based on observable data from 
actual behaviour and choices. 
Relatively inexpensive. 
Provides a lower bound Willing To 
Pay (WTP) if certain assumptions 
are met. 
Need for easily observable behaviour on 
averting behaviours or expenditures. 
Estimates do not capture full loses from 
environmental degradation. 
Several key assumptions must be met to obtain 
reliable estimates. 
Limited to assessment of current situation. 
Ex post valuation. 
Does not measure non-use values. 
Production 
function 
method228 
Based on observable data from 
firms using environmental resources 
as input. Firmly grounded in 
microeconomic theory. 
Relatively inexpensive. 
Understates WTP. 
Ex post valuation. 
Does not measure non-use values. 
Omits the disutility associated with illness. 
Market 
prices229 
Based on actual data from actual 
choices in markets or other 
negotiated exchanges. 
Does not provide total values (including non-use 
values). 
Limited to assessment of current situation. 
Potential to market distortions to bias values. 
Contingent 
valuation 
method230 
Can be used to measure the value 
of anything without the need for 
observable behaviour (data). 
It can measure non-use values. 
Technique is not difficult to 
understand. 
Enables ex ante and ex post 
valuation. 
Subject to various biases. 
Expensive due to the need for thorough survey 
development and pre-testing. 
Choice 
experiment 
method231 
Can be used to measure the value 
of any environmental resource 
without the need for observable 
behaviour (data), as well as values 
of multiple attributes. It can measure 
non-use values. It eliminates 
several biases of CVM. Enables ex 
ante and ex post valuation. 
Technique can be difficult to understand. 
Expensive due to the need for thorough survey 
development and pre-testing. 
Controversial for non-use value applications. 
Avoid cost232 Refers to the probable loss of 
property in the absent of the green 
space.   
 
Inability to directly incorporate the ecological and 
economic connections between plants, people 
and the urban environment. 
Factor 
income233 
Considers the extra profits earned 
by the green space service. 
Inability to directly incorporate the ecological and 
economic connections between plants, people 
and the urban environment. 
Benefit 
Transfer 
Method234 
Involves estimated values for 
biodiversity or ecosystem services 
being ‘transferred ’from studies 
carried out elsewhere. Relatively 
easy and inexpensive, Time 
efficient. 
Only as accurate as the initial study.  
Only applicable if conditions are similar at both 
sites. 
Source: As noted in table 
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Capturing the total economic value also includes measuring and including 
externalities in decision making. Mainstream economic theory has tended to assume 
that economic systems were independent of environmental limitations and therefore 
these could be overlooked.235 This, environmental economists argue, has caused 
market failures to occur. The following sections will define externalities and describe 
the various types.  
According to Baumol and Oates, definitions of externalities vary.236 For instance, 
externalities have been defined as legitimate action by one economic unit, which 
impacts the welfare of another economic unit and does not take place through 
markets.237 Another definition by McTaggart et al describe an externality as a cost or 
benefit that occurs as a result of an economic transaction which falls on people who 
did not participate in the transaction.238 However, not all non-market transactions are 
externalities. As explained by Baumol and Oates, anti-social forms of behaviour, 
crimes etc. are usually excluded. They provide the following example: “If I purposely 
manoeuvre my car to splatter mud on a pedestrian I dislike, he is given no choice in 
the amount of mud he ‘consumes’, but one would not normally define this as an 
externality.” 239 
Externalities can either be positive – one economic unit’s action raises the welfare of 
another – or negative – one unit’s action reduces the welfare of another. The 
increase or decrease in the welfare is called the social benefits or social cost, as 
shown in Table 2-2.240  
Table 2-2: Positive and negative externalities 
Type Description of process Welfare change classified  
Positive externality Economic Unit A’s action 
improves unit B’s welfare 
Social benefit 
Negative externality Economic unit A’s action 
worsens unit B’s welfare 
Social cost 
Adapted from Bowers and Young, 2000 241 
Environmental economists advocate internalising externalities in order to correct for 
this market failure. This is done by making those who cause the externality aware of 
their actions and provide them with an incentive to correct this failure. This becomes 
the main reason for valuing and pricing externalities. Arthur Pigou has studied this 
extensively and describes the importance of government intervention in the form of 
taxes and subsidies to discourage externalities.242 From a valuation perspective, 
there are two types of externalities: tangible externalities; and intangible 
externalities. Tangible externalities value the affected assets, which have market 
values or are, traded in markets.243 With thought, the area of tangibility can be made 
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quite wide – i.e. understanding externalities across an economy. An intangible 
externality, on the other hand, is one where there is no market to which reference 
can be made to achieve a valuation. Damage to wildlife and losses of biodiversity 
are intangibles; some amenity effects are intangibles also.244   
2.3.1 Total Economic Value and Biophilic Urbanism 
Basing its ideas on neoclassical economics, environmental economists also look to 
the market to achieve optimum economic levels. What is recognised in this school of 
thought that was previously overlooked is achieving social optimum levels. This is 
achieved by looking at the real prices of goods and services; hence achieving a 
market that reflects the relative scarcity of natural resources. To measure real 
prices, a total economic value of a good or service needs to be conducted. Hence, 
when an environmental economist asks: what is the viability of a biophilic element? 
In addition to the direct costs and benefits from the previous section, the social costs 
and benefits would also be included. Some of which are measurable and some may 
not be.  
This highlights the importance of non-quantifiable benefits (captured Table 2-9 and 
Table 2-10), i.e. these are the benefits are difficult to value. Capturing this total 
economic value of a good or service becomes an important consideration in the 
business case. As part of this, environmental economists also measure costs or 
benefits that occur as a result of an economic transaction that impacted people who 
did not participate in the transaction. Acknowledging these positive and negative 
externalities are crucial in capturing this total economic value of a biophilic element 
(see Figure 2-5). Hence, externality theory is another significant element of 
measuring a biophilic element. Addressing previously overlooked negative impacts 
on an economy helps alleviate economic inefficiency.  
On the other end of the spectrum, measuring the positive indirect impact of a natural 
element, such as a green wall, provides whole of system understanding to the 
viability of a biophilic element. It highlights potential profit opportunities for 
stakeholders.245 Factoring in these positive externalities allow people to enforce 
property rights and claim collective goods from free riders, hence increasing 
economic profit and efficiency.246 Also, negative externalities across society are 
considered and factored into decision making, prompting overall efficient decision-
making, where external costs and impacts are taken into consideration. 247 248 
2.3.2 Flaws in Environmental Economics 
Emerging from neoclassical economics, environmental economics aims to value and 
internalise environmental goods and services in order to base its decisions on 
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market mechanisms, which some authors claim it to encompass “well-elaborated 
imperfections and problems associated with it [the market]”.249 A new wave of 
economists emerged in the 1980s now fault environmental economics for this 
approach expressing doubt about whether money payments can correct 
environmental damage in many circumstances. A shortcoming of this, they argue, is 
that internalising the costs of environmental damage allows it to be paid for and 
according to value exchange theory this is as good as, or even preferable, to 
avoiding the damage in the first place.250  
To elaborate on this further, some argue that the faith environmental economists 
place in the market demonstrates a lack of knowledge of the mechanisms and 
drivers of technological change that a more holistic, interdisciplinary approach would 
offer. This school of thought assumes that financial incentives are all that is needed 
to alter behaviour. However, this may not always push towards strong sustainability. 
For instance, the market often pushes for technologies that are cheap in the short 
term such as capturing end-of-pipe emissions from an existing facility, even though 
more capital-expensive options such as renewable energy projects have broader 
benefits and can be more economical in the long term.251 It is usually cheaper to 
retrofit old plants than switch to cleaner technologies. By allowing firms to pay for 
pollution, technological innovation is stifled rather than encouraged.252 Substantial 
changes towards strong sustainability demands holistic interdisciplinary decision 
making that environmental economics does not offer. For this reason, ecological 
economics emerged to address this gap. 
2.4 Ecological economics  
Ecological economics was established in 1989 under the International Society for 
Ecological Economics (ISEE). A number of scholars from various disciplines 
advocated the need to study economy-environment interdependence and its 
implications from a trans-disciplinary approach ranging from the sciences, 
economics to ecology. 253 The prominent authors driving this field were Daly and 
Martinez-Alier, zoologist Jansson and one of her students Costanza; ‘They were the 
main initiators behind the first meetings and publications, and the journal’.254 The 
main intention behind this economic movement was to consider linking ecological 
and economic systems as well as other relevant disciplines to encourage holistic 
solutions.255 “Ecological economists placed great emphasis in adopting a holistic, 
integrated approach to economic thinking. At the first ISEE conference, an 
estimated 370 people attended indicating its popularity. 256“ 
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Ecological economics ties together the relationships between human housekeeping 
(economic systems) and nature’s housekeeping (ecological systems). 257 Under this 
school of thought, the field of study for economics is, in fact, a subset of that for 
ecology. This of course is a significant shift from the neoclassical approach, which 
places significant importance on the economy. Figure 2-6 captures this, 
demonstrating the essential interactions between economic and ecological systems. 
The term economy here refers to the world’s economies treated as a single system, 
and the environment refers to the whole natural environment or planet earth. 
 
 
 
 
 
 
 
Figure 2-6: Ecological economics view of economy 
Adapted from Griesinger Films, 2012 258 
This figure also captures the dependence of human economic activity with nature, 
as humans cannot satisfy their needs without interacting with the natural 
environment. This of course is opposing to the neoclassical economist’s view - 
technological advancement cannot continue to replace natural capital. Over the past 
three centuries the magnitude of the economic interactions with the environment has 
been increasing rapidly. This has had a noticeable impact on the way the 
environment, as the levels of extractions has exceeded the sustainable limit. This 
change in the way the environment works will no doubt affect its ability to provide 
services to human economic activity; services that have become significant to 
human well-being and economic welfare. Hence, the environment and the economy 
are interdependent – what happens in the environment affects the economy, which 
affects the environment.259 
 Recycle 
 
 
Natural Capital 
Man-made capital 
Solar 
 
Matter 
Energy 
Matter 
Energy 
Heat 
Dissertation: Omniya el-Baghdadi 
Chapter 2: Economic Insights and Considerations 48 
2.4.1 Ecosystem Services 
In the past few decades, the field of ecological economics has progressed 
significantly and a concern on the notion of ecosystem functions, good and services’ 
valuation has risen.260 Introduced in 1981261, the concept of ecosystem services 
emerged from societal value of nature’s functions literature.262 Traditionally, 
ecosystem function had been a term used in ecology to define the biological 
functions of ecosystem processes263; a notion that was irrelevant to its benefits to 
human welfare. This changed in the 1960s and 1970s when the term was being 
linked to the benefits it served human societies. The literature started to identify 
“functions of nature” which enhanced economic welfare.264 265 266 267 268 This link 
between functions and value was facilitated by the field of environmental economics 
in the 1960s and 1970s, with a rising number of authors recognising society’s 
dependence on natural ecosystem services. This paved way for the concept of 
ecosystem services, which was popularised soon after Schumacher introduced the 
term natural capital,269 triggering many authors to adopt the term ecosystem (or 
ecological) services.270 271 272 273 274 275 
Currently, there is an exponential growth in publications on the benefits of natural 
ecosystems to human society and welfare.276 The Beijer Institute’s Biodiversity 
Program mainstreamed the term in the sustainability sciences literature in the early 
1990s.277 This program’s research highlighted priority research areas that were later 
addressed by authors such as Daly278 and Costanza et al.279. The paper by 
Costanza et al was a significant milestone in the mainstreaming of the term as it 
identified the value of global natural capital and ecosystem services placing it on the 
science and policy making agenda. With this, it was further mainstreamed through 
valuation systems such as the “Ecosystem Approach” 280 and the Global Biodiversity 
Assessment281. However, it was the Millennium Assessment (MA) that firmly placed 
the concept of ecosystem services in the policy agenda. Expanding on this, detailed 
work on definitions, metrics, and assessments has propagated.282  
Work by de Groot et al provided a comprehensive assessment of ecosystem goods 
and services by translating ecological complexity (structures and processes) into 
more manageable number of ecosystem functions.283 These functions, in turn, yield 
the goods and services that offer values to human welfare (Figure 2-7).  According 
to de Groot, ecosystem functions are defined as the capacity of natural processes 
and components to provide goods and services that satisfy human needs, directly or 
indirectly.284 
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Figure 2-7: Framework for integrated assessment and valuation of ecosystem 
functions, goods and services 
Source: de Groot et al, 2002 285 
A wide range of ecosystems functions and their respective goods and services 
exists, de Groot et al have summarised them into four primary categories, as shown 
in Table 2-3. 
Table 2-3 Ecosystem functions and definition 
Functions Definition 
Production These are the ecosystem goods for human consumption, ranging from 
food and raw materials to energy recourses and genetic material. 
Regulation These are the capacity of natural and semi-natural ecosystems to 
regulate essential ecological processes and life support systems. These 
provide services that have direct or indirect benefits to humans. 
Information  These are the essential ‘reference function’ and contribute to the 
maintenance of human health by providing opportunities for reflection, 
cognitive development, spiritual enrichment, recreation and aesthetic 
experience.  
Habitat These are the refuge and reproduction habitat to wild plants and animals. 
Adapted from de Groot et al, 2002 
A slightly different definition, Millennium Assessment (MA) defines ecosystem 
services as the benefits that people obtain from ecosystems. Similar to de Groot et 
al, the Millennium Assessment divides the functions of ecosystem services into four 
categories: provisioning services, regulating services, supporting services and 
cultural services (see Table 2-4). 
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Table 2-4 Ecosystem components and definition 
Components Definition 
Provisioning These are the products obtained from ecosystems 
Regulating These are the benefits obtained from the regulation of 
ecosystem processes 
Cultural These are the nonmaterial benefits people obtain from 
ecosystems through spiritual enrichment, cognitive 
development, reflection, recreation, and aesthetic 
experiences. 
Cultural services are tightly bound to human values and 
behaviour, as well as to human institutions and patterns 
of social, economic, and political organization. Thus 
perceptions of cultural services are more likely to differ 
among individuals and communities than, say, 
perceptions of importance of food production. 
Supporting Supporting services are those that are necessary for the 
production of all other ecosystem services 
Adopted from MEA, 2005 
Despite the slight variation, essentially the underlying notion becomes: once the 
functions of an ecosystem is known, the nature and magnitude of value to society 
can be identified and analysed through the goods and services provided by the 
functional aspect of ecosystems. A clear shortcoming inevitably becomes that this 
approach favours what is in fact known of ecosystem function and is at risk of 
overlooking unknown and possibly significant functions of ecosystems. 
With that being said, this understanding of ecosystem functions and services is still 
recognised as an important contribution to articulating the value of ecosystems to a 
wider audience. It provides empirical basis for the useful classification of 
ecosystems and their relationship to enhancing human welfare. Therefore, a primary 
insight is that ecosystem services is inherently anthropocentric; that is, the presence 
of human beings as valuing agents enable the translation of basic ecological 
functions into value laden entities. According to the framework presented by de 
Groot et al (see Figure 2-8), these values are not restricted to economic value, but 
also include socio-cultural and ecological value as well. Ecological value refers to 
the integrity, resilience and resistance of ecosystems. This ensures sustainable use 
of and interaction with ecosystem functions that yield associated goods and 
services.286 Social value refers to the importance of natural ecosystems to human 
society. This value offers a range of benefits such as physical and mental health, 
education, cultural diversity and identity and even spiritual benefits. Finally, 
economic value refers to the direct or indirect market valuation of the goods and 
services yielded from ecosystem functions to people.  
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2.4.2 Ecosystem services and decision making 
The previous section highlighted the growing attention to linking services yielded 
from natural capital to support human well-being and welfare. Various authors have 
identified that this attention has the potential to transform decision-making across 
various contexts.287 A review of the literature identified a rise in efforts to make the 
concept of ecosystem services useful and linked with decision making. For instance, 
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services was established in 2012 to provide an interface between the scientific 
community and decision makers in order to build capacity and strengthen the use of 
ecosystem services in policy making.288 Additionally, national governments such as 
those in the UK, China and Mexico are exploring and developing approaches to 
communicate assessments conducts on biodiversity and ecosystem services (BES) 
to the public.289 On a regional scale, sub-global assessments are being conducted 
of the Millennium Ecosystem Assessment290 291 and to integrate ecosystem services 
in development policy and project assessment.292 293 The implications of such a shift 
increases capacity in public-sector management and policy decisions such as: land 
and water use planning, coastal zone and marine management, regulation and 
permitting processes for extractive uses such as mining, fisheries and timber, to 
name a few. Even non-governmental agencies such as World Wildlife Fund (WWF), 
the World Resources Institute, the World Bank and The Nature Conservancy (TNC) 
have been working to include ecosystem services in their work to garner community, 
industry and government buy-in. Some businesses (e.g. Coca-Cola, Unilever, Dow 
Chemical, among others) have also been recognising that the goods and services 
from ecosystems in fact underpin sustainable business practices to help meet 
consumer demands by protecting local communities in which companies operate in 
and secure supply chains for long term business success.294 295 296  
As Figure 2-8 illustrates, ecosystem services are produced by ecosystem functions 
which in turn are underpinned by the biophysical structures and processes – i.e. 
conditions of ecosystems. In other words the conditions of ecosystems will generate 
four categories of functions, which then provide a range of services.  Actual use of a 
good or service generates benefits that can then be in economic and monetary 
terms; enhancing the entire system, which includes human wellbeing.  
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Figure 2-8: Conceptual relationship between ecosystems and biodiversity and human 
well-being  
Adopted from Haines-Young and Potschin, 2010 
A few conceptual ecosystem services frameworks used to inform decision making 
have been identified from the literature. A framework for an integrated assessment 
of ecosystem and landscape services by de Groot297 presents a coherent framework 
linking ecosystems and landscape to services (marked as 1 in Figure 2-9), values 
(marked as 2 in Figure 2-9), trade off instruments (marked as 3 in Figure 2-9), 
planning tools (marked as 4 in Figure 2-9) and financing mechanisms (marked as 5 
in Figure 2-9). This figure thus presents the conceptual flow to ecosystem services 
assessment to assist with decision making. 
 
Figure 2-9: Framework for integrated assessment of ecosystem and landscape 
services 
Source: Gomez-Baggethun, de Groot, Lomas, and Montes, 2010 
Adapted from the abovementioned figures, the Ecosystem Services Decision 
cascade presented by Apitz (see Figure 2-10) suggests a three part iterative 
conceptual framework to assist in evaluating, justifying and optimising decisions.298 
The first part, the Ecosystem Services Decision Cascade, outlines the proposed 
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policies or actions (i.e. scenarios) and the changes in pressures in various 
scenarios. Once the decision context has been identified, Ecosystem Services 
Assessment then evaluated how the various changes impact the biophysical 
structure and hence ecosystem functions and services. Finally, Ecosystem Services 
Valuation takes the results from these analyses and generates valuations in order to 
effectively inform decisions; ultimately linking back to Decisions.  
 
Figure 2-10: Logic underlying the ecosystem services paradigm 
Source: Apitz, 2012 299 
2.4.3 Ecosystem services and biophilic urbanism  
Operating within a market-based paradigm and considering externalities across 
society allows for more efficient decision making within existing context. Additionally, 
linking services offered by ecosystems to value, highlight revenue streams from 
biophilic elements present opportunities to further employ this theory in decision 
making. This section visits the concept of ecosystem services and the transferable 
ideas it offers to valuing biophilic elements. 
As the awareness of the monetary value offered by ecosystem services increased, 
so did its position strengthen on the political agenda. For this reason, economists 
sought to design market based instruments for ecosystem services to create 
economic incentives for conservation. This utilitarian (anthropocentric) concept is 
based on the notion of humans’ preference satisfaction (i.e. enhancing human 
welfare).300 Within this concept, the services offered by ecosystems are linked thus 
linked to human well-being.  Ecosystem services becomes a valuable concept as it 
serves as a “tool to communicate the value of biodiversity and ecosystem 
functioning using a language that reflects dominant political and economic views.”301 
An ecological economist would then ask “what services does a biophilic element 
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offer to enhance welfare?” Within this utilitarian paradigm, services from the direct or 
indirect use of a biophilic element are associated with value. 
People also ascribe value to ecosystem services that may not be currently using 
(non-use values). These non-use values refer to the value people give in knowing 
that a resource exists even if they do not necessarily use that resource directly. 
These often include a deeply associated historical, ethical, national religious or 
spiritual value which people have associated with these natural systems. This non-
utilitarian value paradigm acknowledges the role that intrinsic value. For this reason, 
an ecological economist can even ask “what non-use value does a biophilic element 
offer?”.  
2.5 Discussion 
The previous sections made evident that each economic school of thought offers 
insights to capture the economic method of enquiry used to inform biophilic 
urbanism, but remains limited if when explored through a single paradigm. This 
section will describe this holistic approach to economic enquiry which serves as the 
theoretical framework informing this dissertation. This holistic economic approach to 
enquiry recognises that a wider lens will begin to facilitate the quantification of 
notoriously difficult benefits such as social and even cultural benefits. By using 
existing economic tools, this section will offer a new approach to understanding and 
potentially quantifying biophilic elements. 
Figure 2-11 captures the traditional type thinking through to more recent economic 
type thinking, allowing for greater dialogue, consideration and evaluation of biophilic 
elements’ performance and viability. 
  
Figure 2-11: Holistic economic approach to enquiry 
Ecological 
Economics 
Environmental 
Economics 
Neoclassical 
Economics 
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Neoclassical economics set fundamental theories which still dictate economic 
operations today. Comprehension and analysis of consumer choice and motivations 
in the face of scarcity determines supply and demand of market economies. 
Understanding this exchange between direct players serves as the foundation of 
neoclassical economics and decision making. The literature also demonstrated how 
natural assets have been largely utilised as raw materials to produce a marketable 
end product in the past. Due to technological innovation, these natural assets were 
treated as substitutable materials and are not considered in decision making. For 
this reason, a second economic paradigm, environmental economics, highlights 
these market failures as a result of externalities in the economy. Stemming from 
exchange value theory, externality analysis adopts a reductionist approach to 
analysis. Environmental economists argue the importance of capturing negative 
externalities to address inefficiency across the economy as well as decouple 
environmental pressures from economic development. The role of these ‘secondary 
players’ then becomes significant in the decision making process. Addressing these 
market failures and the role of the natural environment prompted a new wave of 
economists to further quantify ecosystem processes and functions. Attaching a 
monetary value to the services offered by ecosystems highlighted significant areas 
of consideration for economies. The ecosystem services concept identifies links 
between biological functions and processes to human welfare.  
Using this whole system approach to economic analysis (i.e. incorporating the 
above three economic paradigms to ‘stack’ the business case as shown in Figure 
2-11) creates more flexibility in demonstrating the economic value of a given 
biophilic element.  
 
Figure 2-12: Schematic illustration of how economic paradigms build on each other to 
develop a business case 
Biophilic
element 1
Biophilic
element 2
Biophilic
element 3
Ecosystem services
Externality analysis
Exchange value
Direct 
measurable 
benefits 
Business 
case 
Indirect 
intangible 
benefits 
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As shown in Figure 2-12, each biophilic element could be considered independently, 
with regard to the extent of economic considerations (and resultant effort in 
developing the business case). In the first column, the business case of biophilic 
element 1 is self-evident using traditional neoclassical economics. For example, 
green streets (street integrated trees) provide direct monetary savings in terms of 
stormwater management as opposed to traditional facilities. 
In column 2, the neoclassical argument for the biophilic element is less 
substantiated, providing only part of the business case. In this instance, looking 
through the environmental economics lens provides additional opportunities to 
demonstrate the business case. For example, capturing an externality such as 
reduced stays in a hospital captures the full economic value of indoor vegetation 
and views of nature from hospital rooms. Attaching this reduced hospital stay to 
monetary savings pushes the economic viability creating a business case.  
In column 3 neither the direct benefits nor externality analysis arguments produce a 
sufficiently robust business case for the given biophilic element being proposed. In 
this case it is possible that ecological economics considerations may be useful in 
creating a viable business case. Adopting a holistic economic analysis in this 
instance enhances the business case, despite some benefits being non-quantifiable. 
For example, considering regulating or provisioning functions such as stormwater 
management or cultural functions (represented by the striped edge of the third 
column) such as amenity value produced by a biophilic element creates a viable 
holistic argument. Looking specifically through this lens, we start to consider the 
services that a biophilic element offers and link them to welfare.  
Based on Figure 2-12, Table 2-5– Table 2-10 draw from Chapters 1 and 2 to 
present direct and indirect services offered by biophilic elements. These tables are 
not intended to be exhaustive; rather they serve as products of an integrative 
literature review of biophilic urbanism and economics to provide clarity on the 
various categories of biophilic elements’ services. 
Table 2-5 presents the various biophilic elements and their correspondent 
categories of services which link to direct monetary value. This serves as an 
integrated summary of the literature review. Table 2-6 however presents a simpler 
guide designed to facilitate decisions, by directly showcasing the various biophilic 
elements and the services yielded. Similarly, Table 2-7 present the indirect value 
produced from any given biophilic element. Table 2-9 and Table 2-10, on the other 
hand, capture the non-quantifiable services which still positively influence human 
welfare. These have been identified by the seminal work by de Groot et al and have 
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been adapted for the biophilic context.302 Table 2-5 predominately presents the 
direct environmental benefits yielded from a biophilic element. The last table 
predominately presents the social benefits yielded from a biophilic element. This has 
been identified as indirect as the impact influences behaviour change, rather than 
being directly linked to biological functioning of an ecosystem. 
For the scope of this dissertation, the focus will predominately be on the first two 
tables. The last two tables are presented to demonstrate the various categories of 
services. 
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Table 2-5: Biophilic elements and their correspondent categories of services directly linked to monetary value 
Functions Services Values Biophilic element(s) Example studies 
R
eg
ul
at
in
g 
Air quality maintenance Reduce absenteeism 
Indoor pot plants 
Green roof/wall 
Landscaping around building 
Thayer et al. 2010303 
Climate regulation Alleviate UHI effect ALL 
Getter and Rowe 2006 304 
Macdonald, Sanders and Supawanich 2008305 
Wong and Yu 2005306 
Water regulation Assist in water cycle management ALL 
Nowak and Dwyer 2007307 
Doshi et al308 
Evapotranspiration Reduce building energy demand Green roof/wall Gaffin et al 2005
309 
Pr
ov
is
io
ni
ng
 
Shading Reduce building energy demand 
Green roof 
Shade trees Gaffin et al 2005
310 
Food Increase food security City farms Urban agriculture 
The Green Roofs Project Database 2014311 
City of Sydney 2011312 
Smit, Nasr and Ratta 1996313 
Insulation 
Increase roof longevity Green roof Doshi et al 2005314 
Reduce building energy 
demand Green roof/wall 
Oberndorfer, E et al 2007315 
Gaffin et al 2005316 
Niachou et al 2001317 
Protecting infrastructure Infrastructure longevity Street integrated trees and vegetation McPherson et al 1997
318 
C
ul
tu
ra
l 
Recreation Increase property value Tourism City parks Bedimo-Rung, A. 2005
319 
Aesthetic value 
Increase property value 
Green roof/wall 
Landscaping around building 
Pocket parks and green space 
Urban waterways 
Laverne & Winson-Geideman, 2003320 
Benson et al. 1998321 
 
Increase productivity Indoor pot plants Indoor green wall 
Bergs 2002322 
Heschong 1999323 
Su
pp
or
tin
g 
Urban revitalisation 
Catalyse economic 
development 
Investment 
ALL Terrapin Bright Green 2012
324 
Skyrise Greenery Handbook n.d.325 
Source: As noted 
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Table 2-6: Decision making guide showcasing biophilic elements and their respective direct service  
Biophilic 
element 
Reduce 
absenteeism 
Increase 
productivity 
Alleviate 
UHI effect 
Water cycle 
management 
Reduce 
building 
energy 
demand 
Increase 
food 
security 
Roof 
longevity 
Infrastructure 
longevity 
Increase 
property 
value 
Tourism 
Catalyse 
economic 
development 
Indoor plants 
           
Green roof            
Green wall            
Landscaping 
around 
building 
           
Street 
integrated 
trees and 
vegetation 
           
Shade trees            
Linear green 
space            
Pocket parks 
and green 
space 
           
City parks            
City farms 
and urban 
agriculture 
           
Urban 
waterways            
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Table 2-7: Biophilic elements and their correspondent categories of services indirectly linked to monetary value 
Source: As noted 
Function Services Description Values Biophilic element(s) Example studies 
E Air quality maintenance 
Reduce employee illness Reduce healthcare cost 
Indoor pot plants 
Green roof/wall 
Landscaping around building 
Thayer et al. 2010326 
Reduce employee stress Reduce healthcare cost Indoor plants Indoor green wall Bergs 2002
327 
P Windbreak 
Windbreak to reduce the amount of 
outside air which penetrates buildings 
by decreasing wind speeds 
Reduce building energy 
demand Street tree and integrated vegetation McPherson 1992
328 
C
 
Recreation Encourage physical activity Reduce healthcare cost 
City parks 
Pocket parks and green space 
Linear green space 
Bedmin-Rung et al 
2005329 
Cohen et al 2007330 
 
Aesthetic value 
Reduce driving stress Reduce traffic incidences Street tree and integrated vegetation Dixon and Wolf 2007331 
Encourage active transport Reduce healthcare cost Street tree and integrated vegetation Linear green space Dixon and Wolf 2007
332 
Hospital views of nature Reduce hospital stay 
Indoor pot plants 
Green roof/wall 
Landscaping around buildings 
Daylight 
Ulrich 1979333 
Beauchemin and Hays 
1996334  
Benedetti et al 2001335 
Hospital views of nature Lowered pain medication administered 
Indoor pot plants 
Green roof/wall 
Landscaping around buildings 
Daylight 
Dijkstra et all 2006336 
Outdoor activities reduce symptoms of 
ADHD or ADD Reduce medication intake 
Pocket parks and green space 
City parks Taylor et al 2001
337 
Mental well-being Enhance productivity 
Indoor pot plants 
Green roof/wall 
Landscaping around buildings 
Bergs 2002338 
Heschong 1999339 
Mental well-being Reduce absenteeism Street tree and integrated vegetation Landscaping around buildings Elzeyadi, 2011
340 
City image Enhance tourism City parks Chiesura 2004341 
Retail enjoyment Enhance retail sales Street tree and integrated vegetation Linear green space Wolf 2005
342 
S Urban revitalisation Neighbourhood revitalisation 
Employment 
Retail sales tax 
Street integrated trees and 
vegetation 
Pocket parks and green spaces 
De Sousa 2003343 
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Table 2-8: Decision making guide showcasing biophilic elements and their respective indirect service 
Biophilic 
element 
Reduce 
absenteeism 
Increase 
productivity 
Reduce 
traffic 
incidences 
Reduce 
healthcare 
cost 
Reduce 
stay in 
hospitals 
Reduce 
building 
energy 
demand 
Reduce 
medication 
intake 
Increase 
sales Employment 
Increase 
sales tax Tourism 
Indoor 
plants            
Green roof            
Green wall            
Landscapi
ng around 
building 
           
Street 
integrated 
trees and 
vegetation 
           
Shade 
trees            
Linear 
green 
space 
           
Pocket 
parks and 
green 
space 
           
City parks            
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The work by de Groot et al344 identified the services offered by ecosystems. 
Examples of some of the regulating services identified are captured in the Table 2-9. 
Translating to the biophilic context, these represent direct non-market based 
benefits offered by biophilic elements.  
Table 2-9: Tabular representation of biophilic elements regulating services and value 
Services Description Value 
Gas 
regulation Role of ecosystems in bio-geochemical cycles Air quality 
Climate 
regulation 
Influence of land cover and biologically mediated 
processes 
Maintenance of favourable 
climate for human 
habitation, health and 
cultivation 
Disturbance 
prevention Dampening environmental disturbances 
Storm protection 
Flood protection 
Water 
regulation 
Regulating runoff 
Filtering, retention and storage 
Drainage and natural 
irrigation 
Soil 
retention 
Role of vegetation root matrix and soil biota in soil 
retention 
Prevention of damage from 
erosion 
Nutrient 
regulation Role of biota in storage and recycling of nutrients 
Maintenance of health soils 
and productive ecosystems 
Pollination Role of biota in movement of floral gametes Pollination of plant species 
Biological 
control Population control through trophic-dynamic relations 
Controls of pests and 
diseases 
Maintenance of biological 
and genetic diversity 
Waste 
treatment 
Role of vegetation and biota in removal and breakdown 
of xenic nutrients and compounds 
Pollution 
control/detoxification 
Filtering of dust particles 
Abatement of noise 
pollution 
Source: adapted from de Groot et al345 
Table 2-10 represents the cultural services identified by de Groot et al. These 
capture the indirect non-market based benefits including services such as 
recreational value, spiritual value and education. Given difficulties in quantifying 
economic value, these services serve as add-ons in a business case. 
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Table 2-10: Tabular representation of biophilic elements cultural services and value 
Services Description Value 
Aesthetic value Attractive natural 
elements 
Enjoyment of scenery  
Recreation value Recreational uses Outdoor sports and activities 
Cultural and artistic 
value 
Cultural and artistic 
value 
Use of nature as motive in books, folklore, painting, 
folklore, national symbols, advertising 
Spiritual and 
historic information 
Spiritual and historical 
value 
Use of nature for religious or historic purposes (i.e. 
heritage value of natural ecosystems and features) 
Science and 
education 
Scientific and 
educational value 
Use of natural systems for accessible school 
excursions 
Use of natural systems for scientific research 
Source: adapted from de Groot et al346 
 
2.6 Conclusion 
It is concluded from the literature review that the field of economics has experienced 
and continues to experience various transitions from the single exchange value 
perspective to a more holistic approach to economic enquiry. This overview 
identified relevant theories from three economic paradigms – neoclassical, 
environmental and ecological economics.  This whole system approach to analysis 
offers flexibility and opportunities to capture the business case for any given 
biophilic element. Considering the findings of Chapter 1, the ad hoc implementation 
of biophilic urbanism across cities, three core theories were observed to daylight the 
business case of biophilic elements. They are: the exchange value theory, 
externality analysis and ecosystem services. 
The concept of value has many meanings and interpretations and a long history 
within the evolving field of economics. This chapter explored this notion and 
presented opportunities to comprehensively value biophilic urbanism. By doing so, 
this chapter explored links across the three paradigms. Ecological economics has 
evolved to present significant theories that help inform economic analysis of biophilic 
urbanism. However, appreciating the prominent role of neoclassical economics in 
informing decisions today, ideas from ecological economics were corresponded to 
concepts from the neoclassical paradigm to help illuminate links and speak to a 
wider audience. This chapter highlighted these connections and suggested new 
approaches to modify the neoclassical ‘standard model’ to accommodate theories 
that address a multidisciplinary problem context such as valuing biophilic urbanism 
in the built environment.  
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Specifically, this chapter questioned the role of ecosystem services in informing 
biophilic urbanism. Within this, it also questions to what form and extent does it 
assist in the business case for any given element, by applying the various lenses 
from the economic spectrum to identify what is relevant to this research context. 
Hence, this dissertation will explore the use of the concept of ecosystem services 
using the lenses from neoclassical economics, environmental economics and 
ecological economics.  
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3 Research Design and Methodology 
The fundamental concern in research is quality. According to Cavana et al, to 
ensure quality research eight hallmarks should be considered, namely 
purposiveness, rigour, testability, replicability, accuracy, objectivity, generalisability 
and parsimony. Quality of research is achieved by presenting a clear purpose with a 
sound methodological design where objectives can be tested, replicated and 
therefore accurate. Additionally, analysis of data must be impartial, applicable 
across various contexts and provide explanation of the phenomena that occur.347  
Yin also adds validity as an important characteristic that ensures quality research to 
ensure that research is officially acceptable and approved. Given the extensive list, 
Cavana et al noted that it is quite difficult to meet all of the hallmarks in a single 
study.348 This chapter summarises the actions taken in this research to address 
these principles, discussing how the research problem will be addressed. This 
includes a summary of the approach guiding this dissertation as well as the 
theoretical framework used to analyse the two fields of literature, economics and 
biophilic urbanism. It also includes the significant theoretical propositions that guide 
the research scope, aim, problem and objectives.  
An overview of the various research paradigms situates this thesis within the 
constructivist qualitative paradigm of a holistic economic method of enquiry 
informing biophilic urbanism. Qualitative research for this dissertation manifests 
itself in the following research methods: literature review, case study research and 
semi-structured interviews. This chapter includes an overview of these research 
methods and a discussion of how collected data will be analysed and developed.  
3.1 Situating the research within a research paradigm 
This section aims to define the four main philosophical assumptions and research 
approach to situate this thesis within an appropriate research paradigm. This section 
serves as a crucial lens through which the exploration is conducted. With various 
schools of thoughts defining knowledge and research approach, this section will 
overview the prominent ideologies in order to make an informed decision regarding 
the appropriate avenue for exploration. 
Ensuring truth in research is fundamental; propositions seek to uncover truth.349 
Understanding truth necessarily explores fundamental dimensions of ontology, 
epistemology, logic and teleology.350 Ontology seeks to understand being and its 
existence. In other words, ontological truth is concerned with the reality. 
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Epistemology is particularly concerned with questioning the truth of the known 
(knowledge), the value of said knowledge and knower (who has knowledge). It 
focuses on the origin, validity and boundaries of knowledge. Logic validates the truth 
through reasoning. Logical enquiry consists of a reasoning process that connects 
sequence of facts derived from verification or demonstration. Teleology dictates the 
purpose of a study. A teleological question could ask “how does the inquiry 
contribute to knowledge?”. Together, these four dimensions help uncover truth.351 
The three main philosophical assumptions are positivism, post-positivism, 
constructivism and critical research, as summarised in Table 3-1.352 According to the 
positivist viewpoint, reality exists and is quantitative. The purpose of positive 
research is to verify proposition with an accepted theory. While positivism assumes 
reality is objective and static at a point in a time, constructivism is more dynamic. 
This viewpoint assumes truth is constructed within the minds of individual and 
between people in a culture. The purpose of constructivism is to understand this 
built or constructed truth that resulted from ongoing processes of negotiation, re-
evaluation and refinement within and between individuals. Critical research assumes 
people are creators of their own world, focusing on opposites, conflicts and 
contradictions in modern society and aiming to eliminate the causes of alienation 
and domination.353  
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Table 3-1: Underlying Philosophical Assumptions 
Philosophical Assumptions Ontology (reality) Epistemology (knowledge) Logic Teleology 
Positivism Reality is objective and can be 
measured. 
The world is relatively 
simplistic and static. 
Independent from their reality, 
the researchers are observers 
capable to stand alone outside 
of the reality, and examine the 
static reality, its value and 
attributes. 
Causality is one directional 
or linear. One event comes 
before the other event(s). 
The occurrence of an event 
in a particular time and 
place can be generalised 
to other time and place. 
The purpose is to verify or test theories 
that can be used to predict human 
activity. It uses deductive reasoning. It 
contributes to preservation of ‘status 
quo’. 
Suitable for theory testing where there is 
evidence of formal propositions and 
quantifiable variables to draw inference. 
Critical research People are creators of their 
own social realities and 
thereby have the power to 
change them.  
All scientific knowledge about 
the reality is historically 
constituted (produced and 
reproduced) by people. 
People consciously undertake 
activities to change their 
situations or environments 
amidst the social, cultural, and 
political constraints. 
The social world cannot avoid 
being infused with “value 
orientation.” 
Thus, knowledge of the social 
world is value laden. Theory 
and practice are 
interconnected. 
Resolving the causes of 
alienation and domination 
involves reason and 
criticism.  
 
Rational attempts to 
understand the existing 
world. 
Criticism searches for 
alternatives and resolves 
reconstructed distortions. 
Thus, reason and critique 
are reflexive in practice. 
The goal is to reconcile knowledge and 
to find solutions to existing social 
conditions that address human desires. 
Constructivism (also known 
as interpretivism) 
 
Reality is assumed to be 
subjective. 
Socio-psychological constructs 
involve language, 
consciousness and shared 
meaning. 
People assign these 
constructs taking into account 
their complexity and their 
interconnected whole. 
Individuals and their world 
interact with each other and 
co-exist. 
Existence of individuals gives 
meaning to existence of their 
world and vice versa. It is not 
possible to separate 
individuals from their own 
unique environments. 
 
Two events may mutually 
affect or be affected by 
other event(s). The multi-
dimensional relationships 
among objects and events 
resemble a complex web 
that may occur in a 
particular time and place. 
Any explanation is tentative 
to that one time and place. 
 
The purpose is to discover proposition 
(theory generation). It is to identify what 
is meaningful to each individual being 
investigated (that is, how researcher 
thinks, reacts and feels) under certain 
contextually specific situations. 
Attempts to understand phenomena 
through the meanings people assign to 
them.  
 
Source: Adapted from Cua, 2009354
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3.2 Defining the research approach 
Not only does a philosophical assumption dictate the direction and tone of 
investigation, so does the research approach chosen. In particular, the research 
approach dictates the appropriate methods employed to tackle the research 
problem. The research approach could be anywhere between highly subjective, 
using common-sense theories and everyday knowledge to examine the literature, to 
a more objective perspective that uses a theoretical examination of the literature to 
determine what is occurring. 
For example, a ‘field based research’ approach would suggest considering past and 
current action within holistically valuing biophilic elements and shed light on an 
emerging method of economic enquiry that should be presented in understanding 
the business case of biophilic urbanism.355 This approach causes the researcher to 
reflect on how understanding the economic validation of biophilic urbanism might be 
conceptualised and implemented using literature and personal experiences, given 
the identified challenges and rigidities that have taken place in the past. 
Alternatively, an ‘armchair theorist’ approach would begin with a situational analysis 
of what is occurring to biophilic urbanism valuation and why, and a body of literature 
would be explored for what it might suggest as crucial theories for reconsideration in 
presenting the business case for biophilic urbanism, resulting in a conceptually 
based, theorised ‘philosophical dissertation’. This approach carries the risk of 
creating a ‘theory heavy’ research project, overwhelming or neglecting other 
significant considerations.356 
 
Figure 3-1: Illustration of three research approaches 
Source adapted from Layder, 1998357 
Field based 
Subjective 
Armchair 
Objective Adaptive theory 
Dissertation: Omniya el-Baghdadi 
Chapter 3: Research Design and Methodology 69 
With a noticeable gap between the armchair (i.e.‘general theory’) and field based 
(i.e. ‘applied social research’) approaches, Layder expressed that,  
“… many social researchers often experience a lack of guidance as to how 
to deal with theory, how to use it and how to develop it from the data they 
unearth during their research … the gap between general social theory and 
‘empirical’ theories (associated with the analysis and explanation of empirical 
data, information and findings) should be closed down in order to harness 
the potentially productive interplay between them.” 358 
With this in mind, Layder presents a novel middle-spectrum approach known as 
‘adaptive theory’. As the name suggests, theory adapts to incoming evidence while 
data is simultaneously filtered through the theoretical perspective. Hence, this 
approach can be used to develop existing theory in conjunction with the empirical 
data found as part of the exploration and even generate new theory. This approach 
allows for more powerful and accurate explanations of particular phenomena, as a 
result of increased validity and adequacy of knowledge provided by adaptive 
research. Hence, Layder’s ‘adaptive theory’ advocates that enhanced credibility and 
adequacy should be understood as the best approximation to ‘truth’ given the 
present state of knowledge and comprehension, simply representing the ‘latest 
stage’ in the elaboration of a given theory, which can be later revised with findings 
from future research and theoretical developments; in effect an “interim way-station 
which is potentially revisable and reformulable”. 
It is acknowledged that cities worldwide are grappling with urban-related challenges 
as a result of current urban design. This presents opportunities to rethink current 
designs and opt for nature loving cities or biophilic cities. In order to understand the 
economic method of enquiry informing biophilic elements in cities, with the use of 
the theoretical framework discussed above, this research project will ascribe 
subjective meaning (constructivism) to the objective phenomenon (positivism) 
measured. In other words, it is concluded that this dissertation uses a constructive 
adaptive approach to tackling the research problem. Within this approach, the 
‘armchair’ dimension is apparent in ascertaining the state of understanding the 
business case of biophilic elements through a contextual review of the fields of 
biophilic urbanism and economics and a number of case studies where biophilic 
urbanism has been experienced. 
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3.3 Theoretical framework 
This section outlines the theoretical propositions that will guide this dissertation’s 
data collection and analysis. Situated between the fields of biophilic urbanism and 
economics, essential theories from each field of literature were highlighted and 
discussed in Chapters 1 and 2. Their relevance and contribution to this dissertation 
will be clearly presented below. This, in turn, also highlights the boundaries of this 
investigation. 
Chapter 1 highlighted that conventional design of cities was recognised as a 
contributor to climate change related consequences. For this reason, several 
theories were developed to demonstrate that economic growth is possible with 
sustainability. In their publication “Cents and Sustainability”’, Smith et al defined the 
theory of ‘decoupling’ environmental pressures from economic growth.359 Using 
case studies, evidence for how five key areas (decoupling, biomimicry, whole 
system design, sustainable practice, and resource productivity) can maintain 
economic growth without damaging the environment were presented and explored. 
These case studies address the fundamental issue of sustainable development as 
defined in “Our Common Future”,360 which emerged in response to a growing 
realisation to balance economic growth with environmental concern. The underlying 
philosophy of sustainable development is to decouple environmental pressures from 
economic growth such that future generations are not at a disadvantage.  
Sustainable development comprises of numerous benefits, which the United Nations 
categorizes into three subgroups - social, environmental, and economic.361 While 
these subgroups may be distinguished independently, Hargroves and Smith 
highlight their interconnectedness in ‘The Natural Advantage of Nations’.362 They 
discuss how looking at sustainable development from a whole-of-system economic 
perspective can actually incorporate social and environmental considerations. 
Indeed, establishing a rigorous, whole-of-system business case for sustainable 
development is critical to ensuring that the solution can be implemented and 
maintained in a way that does not diminish future prosperity. Stemming from the 
theory of sustainable development, biophilic urbanism has been gaining momentum 
in the world of urban planning as it poses to be a win-win solution to deal with the 
challenges of climate change and economic development.363This method of 
planning is capable of providing local, state, and national governments with options 
to mitigate climate change, reduce energy consumption, enhance urban biodiversity, 
improve worker productivity and respond to densification pressures of cities. This is 
due to the environmental, social and economic benefits offered by the individual 
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components of biophilic urbanism, or biophilic elements. This permits economic 
growth to prosper while simultaneously fostering a more sustainable, resilient urban 
environment.  
The second chapter of this dissertation explored the relevant economic theories that 
could inform the quantification of biophilic urbanism. Under this economic 
exploration, the three prominent schools – neoclassical, environmental and 
ecological economics - point to numerous theories that when considered together 
create a more holistic understanding to a complex problem such as climate change 
in the built environment. Neoclassical economists set fundamental theories that still 
dictate economic operations today.  
Understanding consumer choice and motivations in the face of scarcity determines 
supply and demand of market economies. Understanding this exchange between 
direct players serves as foundational understanding of economics and to decision 
making. Particularly the exchange value theory lends itself as a crucial element of 
this dissertation’s theoretical framework, as the monetary quantification of biophilic 
element is significant in most business cases. The next economic paradigm 
explored highlighted market failures due to unaccounted for externalities such as air 
pollution, stormwater runoff and urban health island effect. Basing its foundations on 
neoclassical economics, externality analysis adopts a reductionist approach to 
analysis. Negative externalities across society have become an important factor of 
consideration as its cost causes overall economy inefficiency. Capturing 
externalities across the economy prompted economists to once again look at the 
bigger picture. For this reason, externality analysis adds to the theoretical framework 
as capturing the full impact across the economy is crucial in sustainable 
development.  
Lastly, understanding the services offered by ecosystems was a biological 
consideration. However, once monetary value was attached to services it became 
an area of interest to a business case. Understanding the revenue streams across 
the economy as a result of ecosystem services creates a multiplier effect of positive 
externalities across society. This highlights monetary opportunities to capitalise on 
and once again serves to benefit the understanding of the business case of biophilic 
urbanism.  
Using this whole system approach to economic analysis (i.e. incorporating the 
above three economic paradigms to ‘stack’ the business case), creates more 
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flexibility in demonstrating the economic value of a given biophilic element. Figure 3-
2 illustrates the theoretical framework to inform this research. 
 
Figure 3-2: Stylistic illustration of Theoretical Framework guiding this dissertation  
3.4 Research scope 
The research problem discussed in Chapter 1 is presented as follows: 
How can economics inform the process of considering the feasibility of 
incorporating biophilic elements in cities?  
The research problem will be addressed by answering the following research 
questions, with the objectives described after each question: 
1. What is biophilic urbanism and what are biophilic elements? 
The dissertation will clarify what biophilic urbanism and biophilic elements are, 
reviewing literature to build the narrative of sustainable development context, 
biophilia, biophilic urbanism and biophilic elements. 
2. How can economics measure biophilic urbanism? 
The dissertation will uncover how economics has been used and proposed to 
measure biophilic urbanism, overviewing the various schools of thought within 
the economics discipline. In particular, the literature review will define exchange 
value, externality analysis and ecosystem services. 
3. How has biophilic urbanism been implemented in Portland, Chicago 
Toronto, Berlin and Singapore? 
Ecosystem services 
Externality analysis Exchange value theory 
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This dissertation will explore the implementation of biophilic urbanism in 
Portland, Chicago Toronto, Berlin and Singapore, considering the value of 
biophilic elements in pre-construction, construction and in-operation. 
4. How can exchange value, externality analysis and ecosystem services 
economically measure biophilic urbanism? 
The dissertation will evaluate the role of exchange value, externality analysis 
and ecosystem services in establishing the economic case for biophilic 
urbanism, including how they were used across the case studies. 
5. What economic factors are common in these five cities that will inform 
urban design? 
The dissertation will distil economic factors that inform economic justification (i.e. 
the economic business case) of biophilic urbanism in urban design, using case 
study analysis to compare commonalities across the five case studies. A 
framework of economic factors will be developed that can inform the process of 
considering the feasibility of incorporating biophilic elements in cities. 
The following flow chart (Figure 3-3) showcases how the objectives will be achieved 
through addressing the research questions with the selected methods and 
theoretical framework using the constructivist philosophical paradigm.
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Phase 4: Identify emerging patterns and trends  
Semi-structured interviews 
#2 (Appendix B) 
Thematic 
analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 3-3: Overview of Research Process 
Phase 1: Establish the research problem & questions 
 
Research design 
(Chapter 3) – develop a 
research approach to 
address research problem 
 
 
Contextual literature review (Chapter 1) - define 
sustainable development, biophilia, biophilic urbanism 
and biophilic element 
Integrative literature review (Chapter 2) - overview the 
various schools of thought within the economics discipline. 
 
 
Phase 2: Develop case studies 
Case study development (Chapter 3) 
 
 
 
 
SBEnrc workshops informed method summary - economics 
questioning route 
 
Desktop review  Document analysis  Interviews #1 
Five case studies - Portland, Chicago, Toronto, Berlin & 
Singapore (Appendix A) 
 
Phase 3: Case study 
analysis 
Analysis techniques 
 
Chronologies 
 
Coding 
 
Clustering 
Emergent patterns, 
trends and gaps 
(Chapter 4) 
Emergent patterns of factors 
that inform economic method of 
enquiry (Chapter 5)   
Phase 5: Presenting business case logic for biophilic urbanism 
Comparisons of data 
analysis to extant 
literature & theory 
(Chapter 6) 
*Presenting and defining ‘biophilic services’ 
 
*Presenting business case logic for recognising biophilic 
services 
Phase 6: Identify key implications and situate the research within the field 
Reflecting on research 
findings & location of 
research within extant 
literature (Chapter 7) 
*Statement of propositional knowledge 
*Implications of research findings to Theory 
*Implications of research findings to Practice 
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3.5 Description of selected methods 
This constructivist research project draws the attention to qualitative research. 
According to Greenhalgh and Taylor, the strength of quantitative research lies is its 
reliability due to the possibility of replicating the research; on the other hand, the 
strength of qualitative research lies in validity due to its closeness to truth.364  
Hence, this qualitative approach begins with an intention to explore the particular 
phenomenon described above, collect and analyse data to ultimately, through 
inductive reasoning, generate ideas to as Silverman suggests, make the “ordinary, 
extraordinary”.365   
To ensure rigour, it will use a triangulation of multiple methods to answer the 
research questions, summarised in Figure 3-2. This multi-method approach, also 
known as ‘triangulation’366, is utilised to provide depth to this qualitative research 
project. This method allows for deeper understandings and broader insights as it 
involves three different qualitative interpretations and analyses367 - literature review, 
case studies and interviews. Since each side of the triangle can provide an 
alternative perspective, new knowledge can emerge from such as a whole-of-
system interrogation. 
According to Evans, researchers often fail when they focus only on describing the 
research methods that have been chosen without providing the rationale behind the 
choice of method.368 Therefore, each of the following sections will define the 
selected method, explain its significance and how it will be applied to address the 
thesis objectives. Acknowledging the limitations of each method clarifies the need 
for a multi-method approach to help present the underlying decision making 
approach to biophilic urbanism. 
 
Figure 3-4: Stylistic representation showing the triangulation of multiple methods 
Literature review 
Interviews Case studies 
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3.5.1 Literature review 
The first method employed was a contextual review of the literature on the area of 
sustainable development and biophilic urbanism (Chapter 1) and an integrative 
literature review on economic insights and considerations (Chapter 2). The most 
common reason for undertaking a review of literature is to create links to a 
developing body of knowledge, commonly referred to as a ‘literature review’, or a 
‘background’ or ‘context’ review.369 Neuman summarises four key goals for a 
literature review, including: 1) to demonstrate familiarity with a body of knowledge 2) 
to highlight the path of prior research on the topic; 3) to summarise what is known 
about the topic; and 4) to learn from other researchers, stimulating ideas for further 
research.370 
The integrative literature review effectively represents the state of current research, 
summarises past research and then draws overall conclusions from many 
studies.371 This integrative review of the literature allows for in depth exploration by 
exploring the scientific evidence, identifying gaps in current research and building 
bridges between related areas of work; which can also be used to identify a 
theoretical or conceptual model.372 
The contextual literature review, as presented in Chapter 1, provided background 
context of the available information in the field of biophilic urbanism and economics 
(what is so?). This is due to researcher’s assumption that knowledge accumulates 
and that future research can build on what has been done previously.373 This sheds 
light on what the missing gaps in the literature are (what is missing?). Once the 
existing literature and gaps have been identified using this qualitative technique, an 
integrative literature review will follow, which involves drawing on the existing 
context to distil insights to provide the literature review with an added depth that is 
informative and relevant. This will dictate the subsequent method, case study 
exploration, to address the gaps in knowledge. The sample includes journal articles, 
books, industry and government reports and online pages. 
The integrated literature review, as presented in Chapter 2, examined the field of 
economics to provide a holistic exploration into economic enquiry. This identified the 
theoretical framework to guide the exploration of biophilic urbanism, economics and 
decision making. 
3.5.2 Case Study 
The second method is case study. Bennett defines a case study as ‘a well-defined 
aspect of a historical happening that the investigator selects for analysis, rather than 
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a historical happening itself.’374 He explains that originally, case studies have been 
defined ‘negatively’, that is relating to statistical methods. They have recently 
evolved to become defined ‘positively’ when scholars realised their distinctive logic, 
techniques, and comparative advantages. Yin describes a case study as an 
empirical enquiry that explores a contemporary phenomenon within its real-life 
context, particularly when “the boundaries between phenomenon and context are 
not clearly evident”.375 The intention of a case study inquiry is to allow exploration 
into the distinctive situation in which there are many variables.  
This method is not without shortcomings. Lee explains that case studies lack 
controllability; lack deductibility, lack repeatability and generalizability.376 Moreover, 
Kerlinger adds that the inability to manipulate independent variables, risk of 
improper interpretation and lack of power to randomise are also weaknesses of case 
study exploration.377 Understanding this method’s limitation provides insights into its 
appropriate use and further rationalises the need for a multi-method approach 
described earlier. 
According to Benbasat et al, the strengths of employing the case study method 
include providing valuable insights into new and emerging topics; permit the 
researcher to understand the nature and complexity of a process taking place; and 
understand the state of the art and formulate theory from practice.378 Yin also 
explains that the rationale for choosing a case study as a research approach lies in 
the desire to understand the complex social phenomena of the investigated subject 
or event. According to Fellows and Liu this method allows holistic and meaningful 
characteristics of real-life to be retained by investigating a phenomenon within a 
context.379 Opposite to the experiment, where the investigator has a control over the 
investigated subject and where the subject is often detached from its real 
environment, case study exploration allows a deeper understanding of what is 
actually occurring. In this research, economics understanding of the business case 
of biophilic urbanism is complex and unclear due to its ad hoc application. This is 
the main reason for the case study research approach. 
There are a number of issues that have to be considered while designing the case 
study approach. These are discussed below along with a description of how each 
item shall be addressed. 
1. It has to be deliberated whether the case study should a longitudinal or a 
cross-sectional study:  The longitudinal case study focuses on investigating a 
subject to identify change or development over a period of time. Cross-sectional 
Dissertation: Omniya el-Baghdadi 
Chapter 3: Research Design and Methodology 78 
study aims to capture the situation at the moment in the time; it is less time 
demanding and can be used to obtain findings more quickly.380In this research 
longitudinal case studies will allow for the analysis of a biophilic element(s) 
development over time. This will also allow for comparisons across case studies 
to identify compelling gaps and/or new knowledge. 
2. What is the appropriate number of case studies?  There are often benefits 
from being able to gather and compare data from a number of related cases, 
which can affect the depth of investigation. The number of cases for this research 
is five, which is adequate for the time given to conduct the research. The 
rationale of choosing multiple case studies, with each providing an example of a 
particular biophilic element, lies in the fact that when collectively considered will 
help inform a comprehensive attempt to green a city i.e. biophilic urbanism.  
Additionally, Proverbs and Gameson explain that multiple case studies allow for 
more compelling results, hence assist in achieving the research aims of this 
dissertation.  
3. How will case studies be identified and selected?  Case studies were 
selected from the literature based on: application of various biophilic element 
(preferably successful), invokes discussion and new ideas, international to 
capture various approaches to biophilic urbanism and were also informed by 
SBEnrc workshops. 
4. How will the data be collected?  The goal of reliability is to minimise the errors 
and biases in a study.381 Developing comprehensive case study protocol ensures 
its reliability. Within the case study exploration, a desktop review of the literature 
was conducted to capture available information. To ensure rigour and 
consistency across the five case studies, the following questioning route informed 
the desktop review of each of the cities being explored for their biophilic urbanism 
journey. Subsequently, the third method, semi-structured interviews, was 
conducted to provide further clarification and in-depth comprehension. 
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Figure 3-5: Case study questioning route 
Pre-construction 
 
•What was the initial problem that was trying to 
be addressed? 
•Was financial support received for projects (i.e. a 
government grant)? If so, what was the compelling 
element that secured the funding? 
Construction 
•What were the direct and in-direct costs of the 
natural installations? 
•Were unanticipated costs experienced during 
construction? 
In Operation 
•Was an in-operation cost-benefit analysis 
(financial and non-financial) conducted? If so, 
what were the key findings? 
•What was the return on investment period? 
•Were economic multipliers identified and 
quantified for the operation of the project 
•Have studies on occupant or pedestrian 
experience been undertaken? And if so what were 
the key findings? 
•What are the ongoing maintenance costs? Were 
unanticipated maintenance costs experienced? 
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3.5.3 Semi-structured interviews 
The third method employed is semi-structured interviews, focused on further 
understanding the case studies. Three or four main questions or key topic areas are 
asked or discussed to guide the interview. These questions or key topic areas 
emerge from what has been found in the initial case study exploration and 
interviewees are asked to elaborate by providing their “behind the scenes” insights 
into aspects that may not have been readily available in literature. This flexible, 
organic method allows the interviewer to generate a conversation and further 
enquire on topics of particular interest or where new knowledge is being given. To 
ensure information integrity, the answers given are summarised and repeated back 
to the interviewee to confirm that the information has been interpreted correctly and 
to allow room for further clarification if necessary. 
A total of 26 semi-structured interviews were carried out. The interviews were 
performed at two stages, with 15 interviews (Table 3-2) conducted in the first stage 
and 11 interviews (Table 3-3) conducted in the second. Participants were selected 
based on credentials and involvement in the project. All provided consent for their 
names to be disclosed in this dissertation. The first stage of interviews was 
conducted to assist with case study compilation. These interviews provided further 
clarification and deeper understanding of the literature. Participants shared their 
insights from direct involvement in the process. These in turn ensured case studies 
were presented as accurately as possible.  
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Table 3-2: Interview participants for Stage 1 of case study interrogation 
City Name Credentials 
Portland 
Andrew 
Aebi 
Portland Bureau of Transportation, Local Improvement 
District Coordinator 
Project Manager of the Gateway District Green Street 
Project 
Emily 
Hauth 
Stormwater Specialist with the Sustainable 
Stormwater  
Management Division 
Linda 
Dobson 
Manager of the Sustainable Stormwater Management 
Division 
Matt Burlin Environmental Program Coordinator with the Sustainable Stormwater Management Division 
Chicago 
Ed Ulhir Executive Director for Millenium Park Owner of Ulhir Consulting LLC 
Aaron 
Durnbaugh 
Director of Sustainability, Loyola University of 
Chicago, Centre for Urban Environmental Research 
and Policy 
Formerly: Deputy Commissioner of Natural Resources 
and Water Quality, Department of Environment, City 
of Chicago 
Joyce 
Coffee 
Vice president, Edelman – Business and Social 
Purpose 
Formerly: Director of Project Development – Policy 
and Research at Chicago Department of Environment, 
City of Chicago 
Julia 
Prazen 
Coordinator, Urban Sustainable Directors Network 
Global Philanthropy Partner, Climate Project Leader 
on the Chicago Climate Task Force 
Author: Lesson Learnt – Creating the Chicago Climate 
Action Plan (2009) 
Sean 
Wiedel 
Assistant Commissioner, Commissioner’s Office, 
Chicago Department of Transportation 
Formerly: Assistant Commissioner for Natural 
Resource and Water Quality at the Chicago 
Department of Environment 
Toronto 
Alex 
Versluis 
Vice President, Property Management YMCA of 
Greater Toronto 
Hitesh 
Doshi 
Professor, Department of Architectural Science, 
Faculty of Engineering, Architecture and Science, 
Ryerson University 
Co-author of ‘Report on the Environmental Benefits 
and Costs of Green Roof Technology for the City of 
Toronto” 
Steven 
Peck 
President and founder of Green Roofs for Healthy 
Cities 
Co-author of ‘Greenbacks from Green Roofs: Forging 
a New Industry in Canada, Status Report on Benefits, 
Barriers and Opportunities for Green Roof and Vertical 
Garden Technology Diffusion’ 
Berlin Indgrid Cloos 
Team Leader, Landscape Planning, Senate 
Department for Urban Development and Environment 
Government of Berlin, Germany 
Singapore 
TAN Puay 
Yok 
 
Associate Professor, Department of Architecture, 
School of Design and Environment, National 
University of Singapore 
Joelyn OH Manager at Skyrise Greenery, Singapore 
Dissertation: Omniya el-Baghdadi 
Chapter 3: Research Design and Methodology 82 
The second stage of interviews, summarised in Table 3-3, was conducted after the 
case study analysis stage (refer to Figure 3-3). The case study analysis highlighted 
gaps in understanding the economic method of enquiry which called for further 
clarification.  
Table 3-3: Interview participants for Stage 2 of case study interrogation 
City Name Credentials 
Portland 
Emily Hauth  Stormwater Specialist with the Sustainable Stormwater  Management Division 
Matt Burlin Environmental Program Coordinator with the Sustainable Stormwater Management Division 
Sara Culp City of Portland, Bureau of Environmental Services – Watershed Services Program 
Chicago Sean Wiedel 
Assistant Commissioner, Commissioner’s Office, Chicago 
Department of Transportation 
Formerly: Assistant Commissioner for Natural Resource and 
Water Quality at the Chicago Department of Environment 
Toronto 
Hitesh Doshi 
Professor, Department of Architectural Science, Faculty of 
Engineering, Architecture and Science, Ryerson University 
Co-author of ‘Report on the Environmental Benefits and 
Costs of Green Roof Technology for the City of Toronto” 
Liat Margolis Assistant Professor Liat Margolis of Landscape Architecture at the University of Toronto 
Jane Welsh City of Toronto, City Planning Division 
Annemarie 
Baynton City of Toronto, Environment and Energy Division 
Berlin Ingrid Cloos 
Team Leader, Landscape Planning, Senate Department for 
Urban Development and Environment 
Government of Berlin, Germany 
Singapore 
Joelyn Oh Manager at Skyrise Greenery, Singapore 
Tan Puay Yok Associate Professor, Department of Architecture, School of Design and Environment, National University of Singapore 
 
3.6 Describing the analysis 
Silverman382 explains case study synthesis should avoid the trap of simply “telling 
convincing stories”. Rather the researcher must add meaning to the data. Adding 
meaning to the data presents another issue as analysing qualitative data is 
notoriously difficult. This is due to the need to accurately present emerging findings 
without compromising the integrity of the information.383 The purpose is to present 
an authentic comprehension of the experience in case studies. Hammersley and 
Atkinson384 explain that this entails interpreting against the background in which the 
information is collected. Miles385 explains the difficulty in producing authentic 
interpretations: 
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The most serious and central difficulty in the use of qualitative data is that 
the method of data analysis is not well formulated ... the analyst faced with a 
bank of data has very few guidelines for protection against self-delusion, let 
alone the presentation of unreliable or invalid conclusion to scientific or 
policy-making decisions. How can we be sure that an ‘earthy’, ‘undeniable’, 
‘serendipitous’ finding is not, in fact, wrong? 
Yin, Proverbs and Gameson advise starting data analysis by focusing on the 
research objectives and questions to help determine and guide analysis.386 
Subsequently, analysis will take the form of examining, categorising, tabulating, 
testing or combining quantitative and qualitative evidence to tackle the initial 
proposition of a study.387  This will be dictated by the strategy and technique 
adopted. Hence, the following measures will be adopted in order to ensure authentic 
analysis of the literature, case studies and interviews. 
1. Ensure data collection and data analysis are interconnected: Ensuring data 
analysis and collection are closely interconnected during the process of the 
literature review, case study research and semi-structured interviews is crucial. 
This ensures data is being analysed consistently, permitting the researcher with 
opportunities to refine or address unexpected gaps. Miles and Huberman 
discuss the importance of interweaving data collection and analysis at every 
stage.388 They argue that this allows theory to develop alongside a growing 
volume of data, providing the analysis process with integrity. Additionally, 
consistent analysis throughout the process offers opportunities for the research 
problem to be reformulated if needed, often leading to new research questions 
and subsequently new data collection as the theory emerges. As Miles and 
Huberman argue there is no definite phase of data analysis.389 Additionally, early 
analysis assists the researcher with the management of data. For this reason, 
the data collected from the literature review, case studies and interviews was 
consistently analysed to ensure credibility and addressed changes when 
needed.  
2. Ensure first set of data is analysed to reveal gaps: Additionally, the literature 
points to the need to ensure first set of data is analysed. This reveals blind spots 
and deficiencies of the data collected, which the researcher can address 
immediately and improve prior to subsequent cases. The process of case study 
development improved with each case study. Questions were more refined and 
targeted and the process of collection was more efficient. Additionally, following 
each case study development, data was interpreted and analysed. This in turn 
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highlighted emergent themes which were presented and discussed with interview 
participants. Table 3-4 summarises the techniques used to interpret and analyse 
the case studies. 
 
Table 3-4: Case study analysis techniques 
Techniques for case study analysis Explanation 
Chronologies Narratives of the events that took place, organised by date 
Coding Sorting data according to concepts and themes 
Clustering Categorising cases according to common characteristics 
Adapted from Ghauri, 2004 390 
 
A chronology refers to simple story telling about a situation and progress in 
chronological order. This can be done by presenting a timeline of an organisation, 
individual or city. This is particularly useful in assisting a researcher with developing 
chronological explanations that track a phenomenon across case studies and over 
time. Coding refers to the rearrangement of collected data into more conceptual 
categories rather than simple chronological story telling. This coded data can then 
be broken down, conceptualised, grouped together in order to be presented into 
meaningful and understandable information. This process of coding provides 
reliability in data interpretation to coherently relate the information to the research 
problem and framework guiding a dissertation. Various software programs are 
available to help researchers code, sort and analyse qualitative data. Such 
programs are particularly useful in rendering data analysis in a more systematic 
manner. The third analysis technique, clustering, suggests categorising data to 
identify relationships between different themes across case studies. It is also useful 
in detecting gaps in the data that can be addressed by further data collection or 
recorded as new knowledge. The process of clustering often calls for categorising 
following similar patterns of configurations. For instance, they can be clustered 
according to some dimensions such as theories, geographic location or any other 
variables that cut across the case studies.  
In this dissertation, chronological interpretations of the case studies and interviews 
were presented. Collected data were presented in a simple timeline narrative of 
each city portraying the uptake of biophilic element(s). Subsequently, coding of the 
newly sorted narrative was conducted using the qualitative program, NVIVO. This 
helped logically categorise data which assisted in further interpretation and 
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comparisons between cities. Additionally, coding was done according to the 
theoretical framework discussed in Section 3.3. Once the data was coded, a search 
for the common and conflicting economic trends within the codes were explored 
using the final technique, clustering, was employed. This started to highlight themes, 
trends and even highlighted gaps in and between cities. 
3.7 Ethical considerations 
Morals are usually taken as concerned with whether or not act is consistent with the 
accepted notions of right and wrong, while ethics are usually taken as referring to 
general principles of what one ought to do.391 The Queensland University of 
Technology (QUT) Office of Research deemed the literature review (Chapters 1 and 
2) as requiring no ethics clearance as it only involved the researcher. As discussed 
in the methods section, exploration into the five case studies (Chapter 4) included a 
thorough review of relevant literature as well as conducting semi-structured 
interviews. Participants were undertaken with the usual ethics considerations, 
including voluntary and confidential participation, and informed consent for use in 
future dissertation, journal and text book publications. Ethics committee approval 
has been received for this project (Human) (see Appendix C):  
• Approval Number 1100000750 (13 April 2012, clearance until 11 February 2015) 
• Variation for individual and group interview (17 July 2012) 
The other area of the research requiring ethics consideration for this dissertation 
was the second round of interviews which was conducted to address gaps (Chapter 
5). Ethical clearance was therefore obtained from QUT Office of Research for this 
aspect of the research (see Appendix C). With regard to ethics considerations 
throughout the dissertation, ethical issues addressed included: 
• Revealed identity of the interview participant when providing input to, or 
feedback on, any part of the dissertation, including personal reflections: This is 
addressed prior to inclusion by ensuring that any reference to an individual or 
institution in this dissertation is only presented with consent. This includes any 
quotes. 
• Participating candidates in any aspect of the research may be adversely 
affected in their workplace as a result of their contribution to this dissertation: 
this is addressed by seeking permission from the participant to be 
acknowledged or public disclosure if approved; otherwise all communications 
shall be kept confidential.  
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3.8 Research limitations 
The use of the triangulation method discussed earlier is intended to deliver rigour 
and ensure robust results where other may draw similar conclusions by reviewing 
the literature reviews, case studies and semi-structured interviews. Nonetheless, 
some limitations for this dissertation still exist and are discussed below: 
1- Time and resource constraints: Participants approached are academics or 
industry professionals who have busy schedules and deadlines; this limitation 
affected the semi-structured interviews. Future research may address this issue 
through making resources and thus time available (e.g. through honorariums). 
2- Methodology and techniques limits: The research methodology and 
techniques were centred around the interpretation and analysis of the case 
studies and their economic push and pull factors. This was subject to 
inaccuracies or bias as the sample size is five, which is not indicative of the full 
conversation. In addition, the methodology employed a number of methods each 
of which may have also relied upon interpretations which may have incorporated 
an element of error. 
3- Defined limits of research: The limits of the research were defined to 
information sourced biophilic urbanism and more specifically, the quantification 
of biophilic elements. In addition, relevant reports or studies on the research 
scope in each case study were not always available.  
4- Generality of research findings: The research investigated information 
relevant to the economics of biophilic elements, and applied findings to 
developing the business case for biophilic urbanism. Within the chapters, the 
data analysis and discussion included commentary on generality due to the 
sample size and limitations of the methods used for qualitative analysis. 
5- Isolation of research findings: The research findings are intended as 
foundational to the field of biophilic urbanism. As this is emerging and the full 
understanding of the economic factors which could potentially mainstream 
biophilic urbanism in cities elsewhere is beyond the scope of this investigation, it 
is noted as an opportunity for further research.  
3.9 Conclusion 
In this study, a triangulation multi-method approach is used, situated within a 
qualitative research paradigm. The dissertation spans the fields of biophilic 
urbanism and economics. The research design is iterative and involved multiple 
methods, ascribing subjective meaning (constructivism) to the objective 
phenomenon (positivism) measured. In other words, it is concluded that this 
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dissertation uses a constructive adaptive approach to tackling the research problem. 
Within this approach, the ‘armchair’ dimension is apparent in ascertaining the state 
of understanding the valuation of biophilic elements through a contextual review of 
the fields of biophilic urbanism and ecological economics. 
The method comprises a triangulation of literature review, case study and semi-
structured interviews to arrive at research findings grounded in documented 
evidence and insights of participants in the process of biophilic element 
implementation. The three methods employed are reflected in the dissertation 
document: 
• The findings of the contextual literature review are presented in Chapter 1. 
• The findings of the integrative literature review are presented in Chapter 2. 
• The process of case study inquiry and findings are presented in Chapter 4. 
• The process of semi-structure interviews and findings are presented in Chapter 5. 
This method of triangulation provides an iterative approach to exploration, which will 
inform the model for the underlying logic for the business case for biophilic urbanism 
(presented in chapter 6). 
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4 Case Study Results 
As discussed in Chapter 3, five case studies were selected from the literature based on: 
successful application of a biophilic element(s), invoking discussion and new ideas and 
geographic dispersion to capture various contexts in terms of climate, government and 
community. This chapter will distill the emerging themes from the five case studies, which 
are then discussed in the following chapter. It is important to note that the five case studies 
are not intended to be definitive. Rather the intention is to draw from the experiences of the 
selected sites to understand the emerging economic rationale that would have pushed 
forward the biophilic urbanism agenda. 
Firstly the five case studies will be summarised, along with a brief description of the 
respective biophilic element. A chronology exercise will highlight the dominant economic 
pathways apparent for each city. Secondly, results from the coding exercise using the 
computer software program NVIVO will be presented and discussed with regard to 
externalities addressed and social, environmental and economic benefits offered by a 
biophilic element. Finally, the remainder of the chapter summarises the results of the 
clustering exercise which categorised the coded data into meaningful themes, highlighting 
opportunities for further investigation.  
The case study protocol involved a series of questions that were used in each of the five 
cities (see Section 3.5.2) to qualitatively investigate and produce consistent, comparable 
case studies that will assist in their analysis. These questions aimed to uncover the costs 
and benefits associated with the use of natural features as design elements on buildings, 
neighbourhoods and cities. The questions were addressed through literature investigation 
along with a first round of interviews with key participants from each city. Round One 
interviews included approaching key participants to provide further depth and understanding 
to the application of the biophilic element(s) in their respective city. These were analysed 
using the theoretical framework, shedding light on further gaps which prompted Round Two 
interviews.  The raw case study and round two interview transcripts can be found in 
Appendix A and Appendix B respectively. 
4.1 Summary of five case studies 
The initial case study data collection consisted of a questioning route to distill the processes 
of economic enquiry in each city, exploring what prompted the uptake of the biophilic 
element. This was coupled with an initial round of semi-structured interviews to provide an 
enhanced comprehension to the application of the biophilic element(s) in their respective 
city. This section provides a brief summary of each city (for the full case study write up, see 
Appendix A), describing and highlighting the biophilic element in each. 
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Figure 4-1: Visual representation of five cities  
 
Portland City, Oregon, population 609,456 in 2013392, has had a long history of stormwater 
management issues. This case study explored the economic journey to determine the 
feasibility and uptake of green streets. Portland has one of the most comprehensive urban 
greening programs in the United States.393 394 The five-year Grey to Green (G2G) goal is to 
construct 920 green street facilities, emphasising partnerships with other city bureaus and 
agencies such as the Portland Water Bureau, the Portland Bureau of Transportation, and the 
Portland Development Commission.395 As of the fall of 2009, there were approximately 700 
green street facilities in Portland that cumulatively manage an estimated 48 million gallons of 
stormwater runoff a year. Of the 920 planned facilities, an estimated 573 (62 percent) will be 
located in the combined sewer area.396 Demonstration projects and reports produced 
provided the City with enough evidence to push forward the Green Street agenda.397 
Portland has now become a leader in green infrastructure, actively promoting and funding 
various projects. One reason the city has remained at the leading edge of the green 
infrastructure movement is its focus on monitoring the effectiveness of decentralized 
stormwater management technologies. Keeping this in mind, this case study focused on 
understanding the business case presented to trigger the wide-scale adoption of green 
streets prior to the 2007 Green Streets Policy.  
Chicago City, Illinois, population 2.7 million people in 2013398, is renowned for the heavily 
awarded Millennium Park. This case study explored what prompted the uptake of this project 
and the monetary revenue this urban park has generated for Chicago. By creating a space 
that would boost real estate value and development in the area, this project was very 
triumphant in establishing benefits that could then be passed on to the community. This 0.99 
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ha park located between Chicago’s lakefront and in the midst of Chicago’s central business 
district, “the loop”399 now boasts an array of renowned works of architecture, sculpture, 
fountains and a skating rink, as well as performance facilities, restaurants and botanic 
garden spaces. Thus, Millennium Park is a great example of the triple bottom line analysis 
as it is socially beneficial, environmentally friendly and economically profitable.400 Not only 
does investigating this organic, risk-taking approach serve as a key, but also comprehending 
the interesting financial structure and tools utilised, and the rationale behind the City 
continuously supporting the Park’s ongoing maintenance costs (US$12.85 million in 2009)401 
and providing the public with free programs (US$1.9 million in 2008)402 will further determine 
what is truly more significant - the direct economic benefits or the indirect social benefits. 
Also, understanding the role of culture and sensory returns play in biophilia could help inform 
an element of the business case for future biophilic projects. 
Toronto, Ontario, population 2.8 million people in 2013403, is renowned for its Green Roof 
ByLaw. This case study explores the economic journey which eventuated to the uptake of 
the Green Roof Bylaw. Toronto is the first City in North America to have a bylaw to require 
and govern the construction of green roofs on new development.404 It was adopted by 
Toronto City Council in May 2009, under the authority of Section 108 of the City of Toronto 
Act.405 The Bylaw applies to new building permit applications for residential, commercial and 
institutional development made after January 31, 2010 and will apply to new industrial 
development as of April 30, 2012.406 This case study investigated the business case to 
encourage the adoption of green roofs throughout Toronto. Research undertaken on behalf 
of the City of Toronto gave evidence that green roofs could assist in restoring environmental 
quality in the city, while providing economic value to the city and increase liveability for 
residents. 
Berlin, Germany, population 3.5 million people in 2013407, is renowned for its history of 
urban vegetation. This case study explores the economic journey which eventuated to the 
uptake of the Biotope Area Factor. Being the largest city in Germany, Berlin experiences the 
knock-on environmental effects of high density constructions in cities are multiplied. These 
relate to soil sealing, inadequate replenishment of the groundwater due to the rapid runoff of 
rainfall into the sewage system, lack of humidity and excess heat, and a loss of wildlife 
habitats. In order to reverse this trend Berlin has developed an innovative method to 
compensate these environmental deficits.408 Despite being a fairly dense city, Berlin has 
always been a vegetative city. Water is also quite prominent in the city of Berlin, with the 
Spree River running through the city’s centre, as well as lakes and canals that have been 
well preserved.409 This case study uncovered what makes Berlin very biophilic. 
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Singapore, population 5.4 million people in 2013410, is renowned for its history of urban 
vegetation. This case study explores the economic journey which eventuated to the uptake 
of the Biotope Area Factor. Singapore has been regarded as a biophilic city with its 
ambitious city-wide urban greening initiatives.411 This case study explores what prompted, 
maintains and enhances this vision. In Singapore, accessibility is a prime consideration and 
its planners are putting forth an even greener Singapore with a greater variety of parks and 
open spaces and target of 0.75 ha of parkland per 1000 population (currently 0.6 ha) in their 
vision to create a ‘dynamic, distinctive and delightful’ world class city in the 21st century.412 
The main strategies of urban greening include:413 1) having more parks and gardens 
including ‘gardens in the sky’; 2) safeguarding the natural heritage; 3) and making the parks 
and gardens more accessible. The approach is to provide ‘seamless greenery’ through a 
network of park connectors and opportunities for greenery to occur beyond ground level; 
essentially nature trails with resting places, jogging and cycling tracks, the park connectors. 
4.2 Chronologies – Exploring economic pathways 
According to Yin,414 assembling key events in chronological order begins to produce 
insightful descriptive pattern and possibly even hint at possible relationships or patterns. The 
five case studies have been presented in chronological order to permit cross-case synthesis 
to capture and discover whether broader patterns across the cities can be distilled. This case 
study analysis technique uncovered three dominant economic pathways that appeared to 
instigate the business case for biophilic urbanism in each city, namely: urban-related 
challenges implying recognising the need to tackle negative externalities in the built 
environment; champion-led initiatives referring to an influential figure advocating biophilic 
urbanism; and inherent understanding referring to the inherent recognition of the importance 
and value of urban nature. Some cities followed one dominant pathway, whilst one case 
study, Singapore, demonstrated patterns of all three. This is discussed further in the 
following sections, with Table 4-1 summarising the economic pathway for each city. 
Table 4-1: Identified economic pathways 
City Biophilic element(s) ‘Economic’ pathway  
Portland Green streets policy Urban related challenge 
Chicago Millennium park Champion led initiatives 
Toronto Green roofs bylaw Urban related challenge 
Berlin Biotope Area Factor Inherent understanding 
Singapore Garden city City in a garden 
Champion based, Inherent 
understanding 
Urban related challenge 
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• The role of urban-related challenges: this refers to negative externalities in the built 
environment.  
Portland and Toronto followed a very similar pattern to mainstreaming green streets and 
green roofs, respectively. Identifying the negative externality, each city set up demonstration 
projects and commissioned economic studies identifying the viability of the biophilic element. 
With positive results, a city-wide policy was thus issued.  
Portland recognised the rising issues and costs of stormwater runoff. Portland’s average 
rainfall per year generates approximately ten billion gallons of stormwater runoff. 66 per cent 
of that stormwater runoff has been reported to be collected from streets and rights of way.415 
This called for the need for a comprehensive urban stormwater management plan. 
Explorations into alternative, holistic and cost-effective solutions, governmental committees 
were formed to pioneer the feasibility of green streets. The Sustainable Infrastructure 
Committee (SIC) was formed in 2001 to coordinate efforts by City Staff to interrogate options 
such as street trees and porous pavements. Soon after, the Sustainable Stormwater 
Management Program (SSMP) was formed within the Bureau of Environmental Services 
(BES) to address stormwater quality and quantity issues at a planning, policy, design and 
implementation level.416 Hence this urban externality, stormwater management, served as 
the economic pathway that led to the 2007 Green Street Policy in Portland. 
Similarly, Toronto recognised the numerous environmental challenges commonly associated 
with urbanised environments, such as poor air quality, increased urban heat island effect 
and stormwater management issues. Hence, the city wanted to tackle these challenges, in 
particular stormwater management, with the use of green roofs. Toronto, like many North 
American cities, has a combined pipe for stormwater runoff and sanitary sewer. During dry 
weather, this combined sewer system works by carrying both stormwater runoff and sanitary 
sewage treatment plants. During wet weather, however, the increased volume of stormwater 
exceeds the treatment plant’s capacity, causing the release of untreated sewage into rivers 
and lakes. This combined sewer overflow (CSO) problem was identified as an urban related 
challenge that required immediate attention. The City of Toronto estimated that to cover the 
cost of stormwater management, a storm water utility of over a billion dollar in capital 
expenses and $233 million in operating expenses would be required for 25 years.417 
Alternative options were thus explored, where green roofs presented themselves as viable 
and holistic solutions to this externality. For this reason, this has been identified as the 
economic pathway to the 2009 Green Roof Bylaw in Toronto. 
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• The role of champion led initiatives: this refers to a prominent figure in the political 
economy actively invested in promoting biophilic element(s). 
When elected, Chicago Mayor Richard M. Daley set out an ambitious vision in the 1990s to 
make Chicago one of the greenest cities in the United States.418 One of his plans was to 
transform a ground-level parking lot and rail yard section of Grant Park into a world-class 
park, Millennium Park. This  0.99 ha park located between Chicago’s lakefront and in the 
midst of Chicago’s central business district, the ‘loop’ now boasts an array of renowned 
works of architecture, sculpture, foundations and a skating rink, as well as performance 
facilities, restaurants and botanic garden spaces.419 Millennium Park was a bold and 
ambitious undertaking which reflects a willingness on behalf of the Mayor’s office and the 
City of Chicago to take risks. This champion-based approach was thus identified as the 
‘economic’ pathway for Chicago’s Millennium Park. 
• The role of inherent understanding: this refers to the inherent appreciation of the role 
and value of biophilic elements in the built environment. 
Berlin’s current biophilic state was not an accident; policies related to environmental 
protection and conservation have been mainstreamed in all areas of the City’s economic 
activity. These current policies are a result of a history of urban greening which Berlin has 
enjoyed. During the 19th century, the allotment-garden system commenced in Berlin to help 
the needy to grow their own food, as well as help the city mitigate against the implications of 
the industrial revolution and rapid growth. With an understanding of the significance of 
vegetation, the allotment-garden system was able to successfully improve the “self-
sufficiency and the health conditions of the lower population stratum”.420 Over the course of 
time, and particularly more recently, the economic utility of allotment gardens was 
complemented by their leisure-time and recreational element, as well as by their urban 
planning function in providing the public with green and open spaces. 
The 1980s saw the Federal and Berlin’s Nature Conservation Acts officially in place.421 The 
1965 Land Use Plan was also revised, paving the way for the first 1984 Landscape 
Programme. With the reunification of Germany in 1990, urban planning for Berlin had to be 
discussed anew and the 1994 Landscape Programme including Nature Conservation was 
developed. The Landscape Programme is a tactical urban planning instrument developed to 
promote precautionary environmental protection measure. A lot of work was put into 
collecting the basic information on the nature and landscape in Berlin and into building 
stringent evaluation methods and processes to keep a record of the vegetative state of 
Berlin. In addition to analysing and evaluating the condition of nature and landscape in Berlin 
City, the Programme, in conjunction with the Land Use Plan, binds authorities by enforcing 
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precautionary environmental pressure considerations when an extensive urban plan is being 
developed. The Programme is also a very useful source of information for the community by 
providing a comprehensive on the “green” state of their City.422  
This history cultivated a culture that innately appreciates and expects urban nature. For this 
reason, the ‘economic’ pathway to the Biotope Area Factor (BAF) program was classified as 
inherent understanding as the program was a result of meeting the demands of the 
community, as well as satisfying political pressures. 
• The role of a mixed method approach: this refers to the manifestation of the previous 
three pathways as some cities have shown to have multiple pathways underway. 
This section discusses that whilst some cities have exhibited just one of the pathways as 
dominant, others have suggested multiple pathways were underway. This was certainly the 
case for Singapore. Biophilic urbanism would not have been possible in Singapore without 
visionary politicians. A vision by a political figure in particular was an essential turning point 
in transforming Singapore from a city crowded with buildings into a city that is predominately 
green. Former Prime Minister, Lee Kuan Yew (LKY), now Senior Minister, understood that 
an internationally significant country needed to “look like one”.423 This ultimately generated 
policies that honoured this ideology424 and LKY commenced this city-state’s first tree-
planting campaign on June 16 1963 by planting a Mempat Tree marking the start of a 
tradition that exists till this day.425 Soon after, the Garden City vision was launched426, well 
before the 1987 Brundtland report427 mainstreamed the concept of sustainable development.  
With such awareness within government, dedicated teams to maintain, protect and enhance 
natural reserves and streetscapes emerged. The Garden City Action Committee (GCAC) 
was created in 1973 to coordinate agencies from the public sector, such as the Urban 
Redevelopment Authority (URA), Housing Development Board (HDB), Public Utilities Board 
(PUB) and the Land Transport Authority to ensure their projects were all well-aligned with 
this vision of a “Garden City”. Hence, a major success of Singapore’s current biophilic state 
is attributed to the government’s pioneering role and structure that promotes communication 
across departments ensuring all areas of government are well-aligned, working towards a 
common goal.428  
This champion-based pathway helped revitalise Singapore’s economy as well as cultivate a 
culture that appreciates urban nature. Recognising urban related challenges such as UHI, 
prompted this vision to evolve into the ‘City in a Garden’ program. Skyrise Greenery came 
into place and explored the feasibility of green roofs and green walls in Singapore. Analysis 
of Singapore’s biophilic elements identified that a formal economic case was not presented. 
Rather, an informal case championed by politicians instigated biophilic urbanism, which also 
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cultivated a culture that appreciate urban nature and developed government departments 
that continuously identity opportunities to tackle urban-related issues with biophilic elements. 
4.3 Coding – identifying ecosystem services 
The second case study qualitative analysis technique, coding, was used to distinguish and 
identify relevant economics concepts within the case study data, using the following method: 
• Phase one – open coding: During the open coding process the full transcript of case 
studies and First Round of interviews were coded using NVIVO software as detailed in 
Section 3.6. The coding exercise involved going through the data word-by-word and line-
by-line to identify relevant categories. New categories, or nodes, were added as 
identified externalities and ecosystem services; and a preliminary tree node structure 
began to emerge. 
• Phase two – revisiting initial coding: After the first pass of this coding process, the 
nodes were revised and refined, resulting in a list of more accurate categories. The 
intention of this phase was to ensure accuracy and rigour, remove duplicates and 
provide intentional results within scope of this research study. Additionally, the identified 
externalities from the first phase were explored further to determine its corresponding 
ecosystem service.  
• Phase three – developing initial categories: At this point, the first tree node structure 
began to emerge. This involved exploring each node individually and establishing 
appropriate links and relationships between the nodes. More specifically, identified 
services were linked, categorised and grouped under a parent node or ecosystem 
function. The result of this process was a comprehensive tree node structure consisting 
of parent (ecosystem function) and child nodes (ecosystem services).  
The resultant ecosystem services, along with source reference are identified in Table 4-2.  
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Table 4-2: Summary of identified services using NVIVO analysis 
City Identified services Source 
Portland 
Stormwater management 
City of Portland Bureau of Environmental Services (2005) Sustainable 
Stormwater Management: Green Streets, Portland, Oregon. 
The City of Portland Oregon (2006) Green Streets Cross-Bureau Team 
Phase 1, Portland, Oregon. 
Emily Hauth, Linda Dobson and Matt Burlin, (2012), Personal 
communications, Manager at Skyrise Greenery, 20 July 2012. 
Air quality improvement 
Increased greenness 
Energy savings 
Greenhouse reduction 
Amenity improvement 
Community cohesion 
Access to nature 
Environmental equity 
ENTRIX (2010) Portland’s Green Infrastructure: Quantifying the Health, 
Energy, and Community Liveability Benefits, Portland, Oregon. 
Chicago 
Neighbourhood revitalisation 
Social/cultural value 
Economic value 
Environmental value 
Sensory value 
Chicago Loop Alliance (2011) Loop Economic Study and Impact 
Report, Chicago, USA. 
Goodman Williams Group and URS Corporation (2005) Millennium 
Park: Economic Impact Study. City of Chicago Department of Planning 
and Development. 
Ulhir,E.K. (2012) Personal communications. Executive director of 
Millennium park 
Toronto 
Urban Heat Island 
Stormwater management 
Health and well-being 
Urban amenities 
Urban air quality 
Waste management from 
increase in roof material ‘life 
cycle’ 
Urban agriculture 
Noise reduction 
Real estate value 
Therapeutics 
Open space 
Promoting landscaping 
Promoting biodiversity 
GHG reduction 
Health and well being 
Peck, S. (2012) Personal communications. President and Founder of 
Green Roofs for Healthy Cities. 
Banting, D., et al (2005) Report on the Environmental Benefits and 
Costs of Green Roof Technology for the City of Toronto, Ryerson 
University, Ontario, Canada. 
Doshi, H. (2012) Personal communications. Professor at Ryerson 
University 
Berlin 
Economy revitalisation 
Stormwater runoff 
Health cost savings 
Productivity 
Cooling and heating insulation 
Roof longevity 
UHI 
Enhance urban biodiversity 
Federal Ministry for Environment, Nature Conservation and Nuclear 
Safety (2011) Report on the Environmental Economy. Berlin, Germany. 
Cloos, I. (2012) Personal communications. Team leader of the 
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This coding exercise was important in making the relevant connections in terms of the 
economic concepts (i.e. externalities and ecosystems services) in the built environment. This 
helped identify the role of these economic concepts in informing the business case for urban 
nature. It also highlighted the somewhat systematic use of these concepts which offer 
insightful opportunities to mainstream biophilic urbanism. The result of the coding exercise 
was followed by the final analysis technique, clustering, which is discussed in Section 4.4. 
4.4 Clustering – identifying push and pull factors 
The third case study analysis technique used was clustering. This involved reviewing the 
resultant economic pathways from the first analysis technique and the list of categories 
identified in Table 4-2 to dive deeper into each classification, hierarchy and content of the 
nodes to begin to distil emerging behaviour, categories and trends within cities. This resulted 
in new categories, or clusters, adding new meaning to the data from the first two analysis 
exercises. To ensure rigour and integrity to the clustering exercise, the following questions 
were asked (informed by the theoretical framework): 
• What did the biophilic element address? This identifies the externality addressed in 
each city. 
• What ecosystem services were initially explored? This highlights the Push factors i.e. 
conditions that created the circumstances conducive for the uptake of biophilic element. 
More specifically, Push factors in this dissertation refer to the causes or factors that 
encourage the exploration into feasible solutions to the identified social, environmental or 
economic problem in an urban environment. 
• What ecosystem services were subsequently explored and/or discovered? This 
highlights the Pull factors i.e. conditions that helped place a biophilic element on the 
agenda and continue to sustain it. More specifically, Pull factors in this dissertation refer 
to the causes or factors that strengthen the case for a given biophilic element(s) and 
continue to warrant the need for the biophilic element(s). 
• How was the service(s) quantified? This highlights the economic valuation method to 
strengthen economic discussions and provide clarity on the various characteristics to 
quantification.  
Figure 4-2 illustrates the clustering exercise, which was conducted on each case study.  
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Figure 4-2: Case study clustering exercise 
 
The following sections present the results of this clustering exercise, summarising the push 
factors, pull factors and economic valuation method for each case study along with the 
category of benefit (i.e. measurable benefit, MB or non-measurable benefit, NB). Identifying 
the economic valuation method refers to identifying the process of measuring the benefits 
offered by the biophilic element. Highlighting this process begins to unveil what economic 
conversations dominate the biophilic urbanism business case. This is followed by a 
discussion of the category of benefit to highlight the role of quantitative benefits as opposed 
to qualitative benefits. 
4.5 Portland factor clustering 
The first analysis technique identified urban-related challenges as the economic pathway to 
introducing the biophilic element, green streets, in Portland. Specifically, stormwater runoff 
was identified as an externality that required the City’s attention. The following sections 
describe the role of green streets in addressing various externalities in the built environment.  
4.5.1 Economic push factors 
As stormwater runoff was clearly identified as a pressing issue in Portland, identifying 
relevant services to address this issue was necessary. The data collected along with the 
interviews conducted confirmed that the ecosystem service, stormwater management, 
provided the compelling element for the business case in Portland.  
Findings from interviews revealed that the current economic climate in the United States, 
politicians and community members alike, are adamant in ensuring the cost effectiveness in 
implementing and maintaining infrastructure, whether it be green street or traditional grey 
facilities.429 This has made demonstration of cost savings and presenting wider benefits from 
Externality 
addressed 
Primary 
ecosystem 
services 
Secondary 
ecosystem 
services 
Economic Valuation Method 
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finding the appropriate mix of green and grey infrastructure crucial to provide a solid case.430 
For this reason, the valuation method in Portland entailed trialling green infrastructure 
facilities for stormwater management by monitoring and measuring their performance to 
accurately quantify benefits.  
The feasibility of green streets was tested through demonstration projects by the Sustainable 
Stormwater Management Program (SSMP). Three of the most prominent Green Street pilot 
programs are the NE Siskiyou Green Street project in 2003; the Ankeny Green Street project 
in 2004; and the SW 12th & Montgomery Green Street in 2005.431 This eventually instigated 
the political adoption of Green Streets citywide by allowing the City to “lead by example” and 
collect data to garner support for Green Streets. The findings from the demonstration 
projects allowed the team from the Sustainable Stormwater Management Program (SSMP) 
to present the viability of Green Street projects. The following metrics were used to measure 
the stormwater management service offered by green streets: 
• Peak Flow Reduction: Measuring the reduction in peak flow reduction was one metric 
used. The demonstration projects found a minimum of 60 per cent reduction in peak 
flow. This meant that green streets are capable of providing protection to a majority of 
local basements regardless of the infiltration rate. The results also prove that curb 
extensions are valuable in addressing areas with basement sewer backup risk. 
• Flow Volume Reduction: Runoff volume was also reduced, thus providing a measurable 
benefit to CSO (combined sewer overflow) control. 
• Infiltration: Infiltration rates at the curb extensions were reported to be excellent, even 
during saturated conditions. The stormwater planters were capable of successfully 
capturing runoff from approximately 696.77 square metres of paved surfaces. 
• Improved water quality: Not only was infiltration successful, water treatment of 
stormwater runoff was also reported. 
• Onsite runoff management: Runoff is managed onsite, rather than entering the storm 
drain system which feeds directly into the Willamette River; 
• Enhanced urban streetscape: The SW 12th & Montgomery Green Street, for instance, 
was successfully retrofitted without jeopardising pedestrians, on-street parking and 
vehicle access. This added visual amenity for residents and passer-by.  
Additionally the Tabor to the River Program is another example of the City of Portland clearly 
presenting the economic value of the ecosystem service, stormwater management. The 
program targeted an area of Portland that experienced regular basement sewer backup 
events due to undersized and failing pipes. In 2000, original estimates to manage the issue 
with traditional grey infrastructure were estimated to cost approximately US$144 million. This 
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was redesigned in 2003 using a combination of grey and green infrastructure. The results 
achieved the same outcomes at an estimated cost of US$81 million, saving the City around 
US$60 million. The success of this project, along with the various demonstration projects 
demonstrated the fiscal benefits of green infrastructure and thus strengthened the business 
case for this biophilic element.432  
4.5.2 Economic pull factors 
Portland has come a long way in its use and understanding of green infrastructure as a cost-
effective solution that could significantly reduce the City’s costs for stormwater management. 
The economic argument, as interviews revealed, has provided a foundation for the 
sustainable stormwater policies and programs in Portland, and gave the City the confidence 
in the value of green infrastructure.433 The City’s more recent interest in the role of green 
infrastructure in providing broader benefits presents another challenge to attempt to similarly 
quantify how urban nature could benefit health, wellbeing and liveability in the city. This is a 
complex issue for several reasons. Benefits from green infrastructure do not always accrue 
to the place where costs are borne. For example, the Bureau of Environmental Services may 
provide a green infrastructure system that has benefits far beyond simple stormwater 
management and watershed health. The challenge is to properly value and assess these 
social benefits on a system wide scale to give the solutions and the choices credibility. Also, 
funding sources usually are tied to particular narrowly defined missions and do not lend 
themselves to application on a broader system wide, multi-objective scale. Hence, this could 
deem these wider benefits as ‘irrelevant’ to the business case for a department with specific 
objectives.  
The literature review identified a 2010 study for BES attempted to quantify health, energy 
and liveability benefits of its Grey to Green (G2G) Best Management Practices (BMP) 
initiative.434 More specifically, this report considered air quality improvement, mental and 
physical health improvement, energy savings, carbon sequestration, improved amenity and 
aesthetic value, enhanced community cohesion, increased access to nature and 
environmental equity. Although not necessarily the most compelling services, the BES report 
provided a basis for valuing green infrastructure in Portland as well as underpinning the use 
of this technology as a ‘no regrets’ approach to managing stormwater. 
Portland City has attempted to distinguish and measure the direct and indirect benefits of 
biophilic elements. It is assumed that the these broader benefits influenced the business 
case and has subsequently pulled the biophilic agenda forward to continue to sustain and 
present the Green Street policy’s merits.  
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4.5.3 Economic valuation method 
Table 4-3 summarises the economic push and pull factors, along with the benefit category 
(i.e. measurable benefit, MB or non-measurable benefit, NB). These are discussed in more 
detail below.  
Table 4-3: Portland Economic Push and Pull Factors 
Push 
factor(s) Push factor(s) metrics Pull Factor(s) Pull factor(s) metrics 
Storm 
water 
runoff 
Peak flow reduction  MB 
Flow volume reduction  MB 
Infiltration rate MB 
Improved water quality MB 
Onsite runoff MB 
Visual amenity  NB 
 
Air quality improvement Respiratory symptoms  MB 
PMs10 MB  
Increased ‘greenness’ Physical health NB 
Mental health NB  
Energy savings Electricity usage MB 
GHG reduction Carbon sequestration  NB 
and emission MB 
Amenity/aesthetics 
improvements 
Property value MB 
Community cohesion Social capital  NB 
Reduced crime  NB 
Access to nature Number of people NB 
Environmental equity Share in low income NB 
neighbourhoods 
 
Coding and categorising the push and pull factors in Portland demonstrates that stormwater 
runoff was the initial trigger to investigate an alternative solution. Several metrics were 
attributed to this externality in order to closely monitor the viability of green streets in tacking 
the stormwater runoff issue in Portland. The first 5 metrics: peak flow reduction, flow volume 
reduction, infiltration rate, improved water quality and onsite runoff management are all 
measurable indictors; hence for this reason they all fall under quantifiable measurable 
benefits i.e. exchange value theory. For this reason, they have been categorised as 
measurable benefits (MB). Visual amenity, however, does not directly attribute to a 
measurable value. Hence, expanding from a strictly economics sense, this benefit is a 
service offered by ecosystems. For this reason, it is categorised as non-measurable benefit 
(NB) as it falls under cultural ecosystem service. Applying the theoretical framework, it 
becomes apparent that exchange value theory was the dominant paradigm influencing green 
streets in Portland. 
The 2010 study conducted by ENTRIX is quite comprehensive and sophisticated. The study 
explored three benefits and consequently sub-categories of each: Health (air quality 
improvement, increased greenness); Energy and Carbon Sequestration (Energy savings, 
GHG reduction) and Community Liveability (Amenity/aesthetic improvement, community 
cohesion, access to nature, environmental equity).435 An expert panel from each of the three 
categories were consulted, and consultations with them helped develop metrics for each 
sub-benefit. 
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Air quality improvement – calculated for local context: 
• PM10 (particulate matter): the expert panel used PM10 as a metric indicator of air quality 
because it has measurable and well quantified impacts on human health.436 For this 
reason, this metric falls under measurable benefit (MB).  
• Respiratory symptoms: the report identified health benefits in terms of respiratory illness 
incidents in relation to reduced PM10. More specifically, the report considered the effect 
of enhanced air quality as a result of reduced PM10 on illness. Hence, a measurable 
benefit is achieved. 
Increased greenness – referred to international studies. 
• Physical health: the report acknowledges that increased greenness is linked to increased 
walking and other forms of outdoor activities, which in turn fosters better health. The 
report also states that studies have found few quantitative studies linking greenness and 
physical activity, for this reason, this benefit is categorised as a non-measurable benefit. 
• Mental health: the study acknowledges that greenness combined with opportunities for 
social interactions are quite effective in improving mental health. However, without 
directly measurable strong links between increased greenness and mental health, this 
remains a qualitative benefit i.e. NB. 
Energy savings – calculated for local context. 
• Electricity usage: in terms of green streets, the report identified energy usage savings as 
a result of reduced stormwater pumping and treatment. In addition, reducing the urban 
heat island effect has been directly linked to a monetary benefit. 
GHG reduction- calculated for local context (referred to international protocol) 
• Reduced greenhouse gases (GHG) emissions: Since most of Portland’s electricity is 
produced from fossil fuels, reducing energy use indirectly reduces burning of fossil fuels 
and hence the release of GHGs. Hence reduction of GHG as a result of green streets is 
categorised as monetary benefit (MB). 
• Carbon sequestration: sequestration provided by green streets was considered difficult 
to estimate as the vegetation and soul type is not known with certainty. Hence this is 
categorised as a non-monetary benefit (NB). 
Amenity/aesthetics – calculated for local context (local studies conducted) 
• Property value: the hedonic property value method measures incremental differences 
between homes that possess or are near specific environmental amenities. Hence, this 
is categorised as MB. 
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Community cohesion – referred to international studies 
• Social capital: the report defines social capital as the benefit that individuals and 
communities derive from having social connections and interactions with their 
community. This creates a network of support, hence adding value to well-being. The 
study found a link between increased vegetation and enhanced social capital; however 
measurable quantification is difficult. For this reason, this is categorised as NB. 
• Crime: the report acknowledges that streets trees are in fact associated with lower crime 
rates. For this reason, it is categorised as NB. 
Access to nature and Environmental equity – calculated for local context  
• Both have metric indicators with quantitative numbers that are not necessarily attributed 
to dollar figures. For this reason, they are categorised as NB. 
4.6 Chicago factor clustering 
The first analysis technique identified that thanks to champion, Mayor Daley, the biophilic 
element, urban, was introduced in Chicago. Millennium Park presented itself as an 
opportunity to revitalise an identified urban “dead space” in prime location in Chicago city 
into revenue generating tourist and local attraction.   
4.6.1 Economic push factors 
The primary objective of this project was economic revitalisation. The space where 
Millennium Park now resides was once a ground level parking lot and rail yard, surrounded 
with mundane office buildings with little retail and almost no pedestrian activity. By creating a 
space that would boost real estate value and development in the area, this project was very 
triumphant in establishing benefits that could then be passed on to the community. Post 
construction, the 2005 economic impact study was conducted to determine economic 
benefits as a result of this biophilic element.437 The metrics explored to determine the 
project’s success were: 
• Increase in Property Value: Perhaps one of the greatest indirect benefits of the Park is 
the transformation of Chicago’s Central Area and East Loop into what it currently is 
today. In 2000, both Loops had an estimated 8,637 persons living within its boundaries 
and by 2007 the estimated population had grown to roughly 16,537 persons. 438 This is 
noteworthy for the following reasons: 1. Real estate is a great indicator of the economic 
conditions of a particular region. 2. Real estate investment in an area can provide a 
massive influx of monetary benefits and can thus completely transform an entire region. 
3. Real estate trigger real tax base increases to city governments, which is very 
important. Prior to completion of Millennium Park, the East Loop mainly consisted of 
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mundane office buildings with little retails and almost no pedestrian activity. Presently, 
the East Loop boasts over ten new condominiums or residential conversions and has 
thus become one of the best-performing real estate submarkets in the City of Chicago.439 
Studies depict that between 2001 and 2003, Chicago’s Central Area featured nearly 110 
new residential developments. From 2004 to 2006, The Central Area had an estimated 
additional 80 new residential developments, and from 2007 to 2009, the Central Area 
had an estimated additional 85 new residential developments.440 Not only did the number 
of developments and residents rise, so did the market value of properties surrounding 
Millennium Park. The executive director of Millennium Park explains that real estate 
value and property tax base were enhanced as early as the spring of 2000.441 It was 
reported that when Millennium Park was still under construction, a Michigan Avenue 
commercial building was sold for US$90/square foot which is more than double what the 
seller purchased it for six years ago. Once construction was complete, the park further 
stimulated the sales of more condominium project along central Michigan Avenue, with 
one article reporting “buyers standing in line for hours to put down deposits, and sales 
contracts being signed at a faster pace than any other downtown neighbourhood.” In 
total, seven condominium projects are acknowledging Millennium Park for their 
successful sales. One project in particular, the Heritage tower, has completely sold out 
all its apartments including a unit for Mayor Daley. Millennium park has made Heritage 
tower sell its apartments at a premium at US$592 per square foot.442 
Based on 2,500 residential condominium units or 25 per cent of the total being built in 
the area at the time, a study conducted in 2005 found that the increase in total residential 
value in the new East Loop real estate market attributable to the Park would be US$1.4 
billion over the next ten years (Table 4-4).443 
• Sales Tax Revenue: An increase in real estate triggers the retail and service sector in 
the area to expand in order to accommodate this increased population, which ultimately 
yields sales tax revenue.444 Ideally, this profit is then used to benefit the community in 
the form of public amenities, enhancements and tax breaks. This in turn spurs spending 
creating a cyclical sustainable economy causing a city to increase in wealth and equity. 
Individual buildings in proximity to the Park are known to produce over US$10 million 
more than pre-Park amounts annually in property taxes. In addition, over US$4 million is 
generated annually in sales tax revenue from the new population of downtown residents. 
The exact amounts directly attributable to the Park are yet to be determined as complex 
series of investigations are required. 
• Employment: The 2005 Economic Impact study estimates that direct employment due to 
visitor spending equates to 575 to 740 full time equivalents per year and induced 
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employment due to visitor spending and supply chain growth equates to 250 to 320 full 
time equivalents per year.  
Given that the average expenditure for international visitors have been estimated to be 
US$300 per day and US$150 per day for overnight domestic visitors, Chicago 
businesses are expected to experience significant revenues. The new hotels, restaurants 
and stores that have been developed around Millennium Park have all seen a 
tremendous rise in revenues. Additionally, historic retail strips such as State Street are 
experiencing an urban revitalization, with retail space being constructed or renovated at 
a rapid rate. The Millennium Park Economic Impact Study estimated that total tourism 
revenue (gross sales – visitor spending) over the next ten years would be around 
US$2.6 billion. This revenue is experienced by three businesses – hotels, restaurants 
and retailers, with hotels expecting to generate between US$428.5 million to US$586.6 
million; restaurants between US$672.1 million to US$867.1 million and retailers between 
US$529.6 million US$711.1 million. 
4.6.2 Economic pull factors 
The 2005 Economic Impact Study445 confirmed the economic push factor which was the 
initial intent of this project. Another study, the 2011 Millennium Park Quadruple Net Value 
Report,446 took the 2005 study a step further and was the first comprehensive report to value 
an urban green space using the quadruple net value methodology (quadruple bottom line 
methodology detailed in Dennis Jerke’s book entitled Urban Design and the Bottom Line: 
Optimizing the Return on Perception), which considers the social/cultural, economic, sensory 
and environmental aspects of urban parks. Interviews indicated that since this report was not 
paid for, the results of the report present a legitimate, unbiased investigation of Millennium 
Park.  
The 2011 Millennium Park Quadruple Net Value Report discusses benefits that are not 
necessarily economically quantifiable; these stem from the sustainable, social/cultural, 
sensory and environmental benefits. In describing these benefits, however, the report 
provides a broader picture of the myriad ways in which the Park impacts on the City, and as 
interviews confirmed, gives insights into the factors, which contribute to the economic 
benefits.447 For instance, the installation of iconic, visual sculptures in the Park draws tourist 
and repeat visitors to the Park and images of these sculptures and infrastructure are 
increasingly synonymous with Chicago and have given the City international acclaim. While 
it is difficult to determine the dollar value of the benefit of having such iconic elements in the 
Park, it is evident that the significant increase in real estate values, and tourism to the City, 
are in part due to these elements. Interviews highlighted that the report did not in fact 
attempt to quantify every element, as it would have added to the cost of the research, and 
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may not have even been possible.448 Instead, the research team focused on describing the 
breadth of positive impacts of the Park, and elaborating on the effects these have had on the 
community. In this way, the research team aimed to subjectively explain the benefits a park 
could potentially have on a community without necessarily stressing on determining an 
economical value of every aspect. 
• Social/Cultural Value: Value in an urban park is generated in part by people visiting 
again and again. Hence, the social programming at Millennium Park can be attributed to 
economic value. The report found the following social and cultural value generated by 
Millennium Park: concerts, events, performance, tours, workouts and exhibitions.449   
• Economic Return: As discussed in the previous section, economic returns as a result of 
Millennium Park were apparent. The study identified direct, indirect and induced jobs 
created by new construction in the area; as well as an increase in new residential units 
surrounding the park. Additionally, five million annual visitors produced US$1.2B in 
tourism as well as an 11 per cent increase in hotel rooms near the park. The study also 
identified US$5.9M in annual operations of the park which feed into the local 
economy.450 
• Environmental Return: The various environmental benefits identified by the study 
included increase of green space, specifically 4.9 ha. Additionally, the study measured 
70 per cent retention of annual rainfall at the park as well as 193.6kg of air pollutants 
removed annually.451 
• Sensory Return: A unique component of the quadruple valuation method is the 
appreciation of sensory value. Millennium Park, in particular, offers an enhanced sensory 
experience due to its art and culture component. Four iconic artistic elements within the 
park have helped enhance the visual value of the park; three major water features 
offering visual, sound and touch value; Pritzker Pavilion performance area provides 
visual as well as sound enjoyment; 18 adjacent restaurants as well as surrounding 
flowering plants positively impacts visitors’ sense. All of this attracts 5 million visitors 
which in turn generate visual and sound value from social interaction.452   
Other studies attempted to quantify the economic value of Millennium Park’s Lurie 
garden.453 454 The social, non-financial benefits of Lurie garden include sequestering 
carbon, managing stormwater, reducing irrigation costs, enhancing biodiversity and 
providing residents and visitors of Chicago with a place to enjoy and learn from the 
outdoors. 
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• Carbon sequestration: The garden is enclosed in a large hedge from the north and west, 
which protects it from large crowds.  46 shade trees and more than 1,600 trees in the 
area manage to sequester an estimated 55 tons of carbon annually.  
• Enhance biodiversity: Another social benefit experienced as a result of this garden is the 
enhancement of biodiversity. According to garden staff, it attracts more than 27 species 
of birds, along with butterflies and bees in the 0.8 ha of habitat with over 60 per cent 
native Midwestern plant species. This provides the community with an opportunity to 
learn about the local species and further the appreciation for sustainability. The literature 
reveals that workshops are provided for adults and families, guided walks, and other 
educational opportunities to nearly 10,000 visitors annually.455 
• Public amenity and aesthetics: Finally, another social benefit is the opportunity for the 
public to appreciate art within an urban green space. The designer of this botanical 
garden, Gustafson Guthrie Nichol, sought to incorporate a creative aspect to this garden 
by expressing the present and future of Chicago. This contrasting concept is made 
evident in the sculpted landform and regional plant section.  
• Stormwater management: The vegetation selected had to be local and adaptive species. 
The use of these plants in the Lurie Garden saves an estimated 3,363,501 L of water 
annually for irrigation, which translate to US$17,770 in annual irrigation water 
costs.  This ultimately equates to a net water volume savings of 33,635,011 L and 
economic savings of US$177,700, over a ten-year period. This proves to be more viable 
than the turf and concrete path design outlined in the site’s original master plan. 
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4.6.3 Economic valuation method 
The first analysis technique, chronologies, demonstrated that Chicago’s Millennium Park 
was in fact champion-based, with long term economic goals for the city. Mayor Richard 
Daley had a vision to revitalise the loop in order to generate revenue for the city. The 
commissioned report, 2005 Economic Impact Study, measured this push factor through 3 
metrics: increase in property value, sales tax revenue and employment. All of which can be 
attributed to monetary figures, hence I have categorised those metrics as monetary benefits 
(MB). Applying the theoretical framework, it becomes apparent that exchange value theory 
was the dominant paradigm to push forward the Millennium Park project. Table 4-4 
summarises these push and pull factors. 
Table 4-4: Chicago Economic Push and Pull Factors 
Push factor(s) Push factor(s) metrics Pull Factor(s) Pull factor(s) metrics 
Neighbourhood 
revitalization 
Increase in property value MB 
Sales tax revenue  MB 
Employment  MB 
Social/ 
cultural value 
Concerts, events and performances NB 
Tours    NB 
Workouts    NB 
Exhibitions   NB 
Enhanced amenity    NB 
Economic value Increase in real estate  MB 
Tourism    MB 
Employment   MB 
Operational costs   MB 
Underground parking spaces  MB 
Hotel development   MB 
Sponsors and donations  MB 
Environmental 
value 
Increase in green space  NB 
Rainfall retention   NB 
Enhance air quality   NB 
Carbon sequestration  NB 
Enhanced biodiversity  NB 
Environmental education  NB 
Sensory value: 
four sensory 
value add to 
overall value in 
terms of brand 
and image 
Increased international/ local visitation NB 
Increased value surrounding property NB 
Increased value surrounding business NB 
Increased value surrounding restaurants NB 
Increased rental rate surrounding retail NB 
 
The 2011 Millennium Park Quadruple Net Value Report was the first comprehensive report 
to value an urban green space using the quadruple net value methodology, which considers 
the social/cultural, economic, sensory and environmental aspects of urban parks. This study 
value Millennium Park and was independent from Chicago Council. 
This report explored what factors create, maintains and even enhances the success of this 
park. Millennium Park is quite unique as not only the vegetative features of the urban park 
have resulted in its success; but also the art installations and interactive features have 
significantly added value to this project. Together they have generated four categories of 
value: social/cultural; economic; environmental; and sensory. The report did not necessarily 
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fixate on the monetary revenue but it also paid attention to what contributes to the overall 
value of the park that ultimately generates revenue. 
• Social/cultural value: For instance, value is generated when people visit over and over 
again. For this reason, social and culture value is important to create a Park that attracts 
revisits. The metrics under this value: concerts, events, performances, tours, workouts, 
exhibitions and enhanced amenity all attract locals and event international tourists to this 
park. For this reason, I have categorised those metrics as non-measurable benefits (NB). 
• Economic value: Directly quantifiable metrics have also been explored, which are: 
increase in real estate value, tourism, employment, operational costs, underground 
parking spaces, hotel development and sponsors and donations. The park indeed 
revitalized the loop by enhancing surrounding property value and tourism, triggering 
hotel development and generating employment. Operational costs and sponsors and 
donations generate activity within the economy of Chicago, as well selling/renting 
parking spaces. Hence, these metrics are no doubt monetary benefits that are directly 
quantifiable. 
• Environmental value: This report neatly divides the categories of value; hence the only 
revenue generating metrics are listed under economic value. The environmental benefits 
as a result of this urban park are: increased green space, rainfall retention, enhanced air 
quality, carbon sequestration and enhanced biodiversity. 
• Sensory value: Going back to the point made earlier, that the overall experience of the 
park attracts return visits was a priority in the maintaining and enhancing the Millennium 
Park experience. Hence the visual, smell, touch, sound and taste impact all play critical 
roles in enhancing the overall experience. 
4.7 Toronto factor clustering 
The first analysis technique identified urban-related challenge as the economic pathway to 
introducing the biophilic element, green roofs, in Toronto. Stormwater runoff and urban heat 
island effect were thus identified as externalities that required the City’s attention. The rising 
costs of stormwater management and rising temperature prompted exploration into cost-
effective solutions for the city. Understanding the challenges of urban environments, 
particularly stormwater runoff, and the success experienced in Chicago and New York,456 the 
city of Toronto wanted to tackle these problems with the use of green roofs. Toronto, like 
many North American cities, has a combined pipe for stormwater runoff and sanitary sewer. 
During dry weather, this combined sewer system works by carrying both stormwater and 
sanitary sewage to treatment plants. During wet weather, however, the increased volume of 
stormwater exceeds the treatment plant’s capacity releasing untreated sewage into rivers 
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and lakes. This combined sewer overflow (CSO) problem has been identified as a significant 
issue that required immediate attention.457 No economic costing of CSO issue has been 
found, but the cost of infrastructure is widely understood. The city of Toronto estimated that 
to cover the cost of storm water management, a storm water utility of over a billion Canadian 
dollars in capital expenses and CAD$233 million in operating expenses would be required 
for 25 years.458 Alternative options were preferred due to the steep cost of storm water 
infrastructure. 
4.7.1 Economic push factors 
As stormwater runoff and urban heat island effect were clearly identified as pressing issues 
in Toronto, identifying relevant services to address this issue was necessary. The data 
collected along with the interviews conducted confirmed that the ecosystem services, 
stormwater management and climate mitigation, provided the compelling elements for the 
business case in Toronto.   
Valuation method in Toronto entailed emphasising the benefits that could be quantified, 
which were of interest to the City of Toronto. Though interviews highlighted that the 
quantification of the economic benefits related to green roofs was difficult due to a range of 
factors including the fact that there are significant costs not being paid by building owners, 
including the contribution of that building to urban air pollution, climate change, or the urban 
heat island effect.459 However, until building owners receive financial benefit for reducing the 
building’s contribution to these problems, or are required to pay for these problems 
commensurate to the building’s individual impact (as opposed to paying a flat rate), these 
remain as externalities and are unlikely to factor into a decision making process. Interviews 
further emphasised that if there was a viable short term business case for buildings to install 
green roofs without incentives, then they would already be doing so (i.e. market forces would 
prevail).460 Despite this, the report by Ryerson University found the following cost savings as 
a result of the following ecosystem services (Table 4-5): 461 
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Table 4-5: Toronto identified benefits 
Category Category of Benefit Initial cost saving  (Canadian Dollars) 
Annual cost saving 
(Canadian Dollars) 
Stormwater  
Alternate best management 
practice cost avoidance $79,000,000 - 
Pollutant control cost 
avoidance $14,000,000 - 
Erosion control cost 
avoidance $25,000,000 - 
Combined Sewer 
Overflow (CSO) 
Storage cost avoidance $46,600,000 - 
Reduced beach closures - $750,000 
Urban Hear Island 
(UHI) 
Savings in annual energy 
use - $12,000,000 
Cost avoidance due to peak 
demand reduction $79,800,000 - 
Source: Banting et al (2005) 
 
4.7.2 Economic pull factors 
Interviews cautioned against focusing on one potential benefit such as how green roofs can 
assist in mitigating the impact of stormwater runoff, as there are mechanical devices that 
could provide a similar service and potentially at a lower cost.462 Hence, no other solution 
would achieve the whole suite of benefits offered by a green roof (i.e. social, economic and 
environmental benefits). The benefits include capturing and storing rainfall, reducing building 
energy demand, and reducing the urban heat island effect (through reduced building 
material temperatures and the localised cooling effects of evapotranspiration) made this 
biophilic element a more viable option.463 464 465 Hence the pull factors played a compelling 
role in Toronto.  
Finding the other benefits justified the widespread implementation of green roofs. Interviews 
explained that the benefits did not necessarily add up individually, however when they 
calculated the available rooftop area feasible for green roofs it highlighted the massive area 
in the city of Toronto.466 This made it clear that revitalising urban “dead space” in Toronto 
collectively had significant benefits for the city. In addition to recognising the impact of 
aggregated benefits, the commissioned study also highlighted a range of benefits identified 
from the literature review.467 These were presented as part of the study to provide further 
support for the business case. Some of the services identified were: energy budgets of 
individual buildings; the urban heat island; stormwater management strategies; urban air 
quality; waste management from increase in roof material life cycle; urban agriculture, noise 
reduction, real estate, therapeutics, open space; urban amenities, such as food production, 
aesthetics, recreation; promoting horticulture/landscaping, promoting of biodiversity and wild 
life protection; and promoting of health and well-being. Reference to these international 
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studies showcased the wider benefits of green roofs. Interviews highlighted that at the time 
local studies of green roof performance was scarce, with only reference to three local studies 
that highlighted the UHI, stormwater management and air quality improvement benefits.468 
4.7.3 Economic valuation method 
With rising urban-related challenges, the research team at Ryerson University were 
commissioned to explore the costs and benefits of city-wide green roofs in Toronto. Hence 
urban heat island and stormwater management issues were the first economic push factors 
that led to this exploration. The report attempted to quantify the potential cost savings by 
measuring the following metrics: energy savings, cost avoidance due to reduced peak 
demand, alternate BMP, pollutant control, erosion control, storage and reduced beach 
closures. For this reason, these metrics are categorised as monetary benefits (MB). The 
primary focus is evidently cost savings i.e. exchange value theory. This demonstrates the 
important role monetary valuation played in Toronto.  
Although the report was commissioned to explore the costs and benefits of green roofs in 
Toronto, not all benefits were locally quantified and rather some benefits were identified and 
referred to by exploring relevant studies. Table 4-6 describes the pull factor metrics that 
were locally quantified and the other benefits that were identified from the literature. The 
benefits that were quantified, the report referred to local studies, using evidence from those 
studies and attempted to quantify how widespread implementation of green roofs could 
potentially affect Toronto. When local studies were not available, the report referenced 
international studies that resemble Toronto. The 2005 Economic Impact study also 
quantified the potential savings as a result of enhancing urban air quality, saving energy and 
reducing carbon dioxide. For this reason, their respective metrics have been categorised as 
measurable benefits. 
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Table 4-6: Toronto Economic Push and Pull Factors 
Push 
factor(s) Push factor(s) metrics Pull Factor(s) Pull factor(s) metrics 
UHI 
 
Energy savings                               
MB 
Cost avoidance due to peak         MB 
demand reductions 
Energy savings Annual energy use savings   MB 
Health and well-
being 
Cost avoidance due to peak demand reductions MB 
Savings from CO2 reductions   MB 
Urban amenities Literature review     - 
Urban air quality Local study impacts on CO, NO2, O3, PM10, SO2 MB 
Storm 
water 
runoff 
Alternate BMP cost avoidance MB 
Pollutant control cost avoidance MB 
Erosion control cost avoidance MB 
Storage cost avoidance MB 
Reduced beach closures MB 
 
Waste 
management from 
increase in roof 
material “life cycle” 
Literature review   -  
 
Urban agriculture 
Noise reduction  
Real estate 
Therapeutics  
Increase open 
space 
Promoting 
horticulture/landsc
aping 
Promoting of 
biodiversity and 
wild life protection 
GHG reduction Savings from CO2 reductions   MB 
  
4.8 Berlin factor clustering 
The economic pathway identified for Berlin in Section 4.2 was inherent understanding. An 
inherent political and community appreciation and thus buy in did not require an in depth 
economic exploration to justify biophilic urbanism. The literature as well as interviews 
highlighted the long history of urban vegetation that cultivated a culture that demands it in 
Berlin as well a politically binding legislation to enhance urban sustainability where possible. 
The following sections will distinguish the economic push and pull factors, informed by the 
literature and interviews.  
4.8.1 Economic push factors 
The literature and interviews point to the impact of mitigating against a crisis in shaping 
Berlin’s biophilic future. Post World War 1, unemployment in Berlin was exceptionally high 
and an influx of refugees entered the city increasing the population.469 With the global 
financial crisis further exacerbating these problems, an economic stimulus was required to 
help save Berlin’s economy. With national, state and local funding in place, construction of 
some 43 projects were developed to trigger economic development as well as engagement 
from the public to create more value from these developments from the start of development 
to its completion and use.470 This form of economic stimulus is long term as it considers the 
use value of these developments for the economy. Interviews highlighted that after 
experiencing city destruction the government developed strong environmental sensibility to 
help revitalize the country.471 The Scharoun-Plan was developed to provide a 
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comprehensive urban renewal concept, which outlined how the City would reintroduce the 
city’s natural assets. Other key events such as the 1970s oil crisis and the 1986 Chernobyl 
disaster that threatened the German community with radiation contamination also caused 
the community along with government department to further develop strong environmental 
sensibility.472 Additionally, with industrialization taking place in Germany as far back as the 
18th century, residents were already beginning to witness the very visible air pollution 
making them aware of the importance of environmental conservation. Hence, urban nature 
became an inherent key priority in Berlin. 
Berlin serves as an interesting case study as the economic business case of urban greening 
is not entirely clear and rather implicit. With a long history of urban ecology, an inherent 
community appreciation was formed. Hence, the BAF was an idea that emerged to respond 
to growing community demand for urban greening. Interviews reiterated this by explaining 
that the politically binding legislation as well as growing public demand pushes Berlin to 
constantly introduce innovative urban greening programs and policies.473 
4.8.2 Economic pull factors 
Ad hoc economic studies have and are being conducted in Berlin for academic exploration 
and understanding, not necessarily to specifically justify the business case for biophilic 
urbanism. Hence the following studies, to a certain extent, pull the urban ecology forward 
especially when Berlin is confronted with an economic crisis and funding for urban ecology is 
the first to get affected. These studies explored the ecosystem services of introducing 
biophilic elements. Enhancing the local knowledge base undeniably assists in pulling 
biophilic urbanism forward, particularly when departments are financially constrained. They 
predominately interrogated the functionality of the element in assisting with issues such as 
stormwater management, health well-being, enhancing productivity, among others. Selection 
of studies aims to demonstrate the exploration of ecosystem services in the urban context; 
these do not necessarily capture every study conducted in Berlin. Some of these studies are 
discussed below. 
• Stormwater runoff: Stormwater runoff has been recognised in Germany as far as the 
1970s. German households had to pay stormwater rates equating the stormwater burden 
produced from their property. Tax assessor’s data and aerial photographs were used in 
Berlin to calculate the cost of stormwater runoff from each property. Subsequently, 
households reviewed these estimated figures and public information campaigns were run 
simultaneously to spread awareness of this externality. Although, there was an attempt 
to account for this externality, the fees charged were not high enough to result in land 
use changes.474 
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• Health cost savings: A study by the Kiel Institute for Economic Research conducted a 
study exploring the impact of increased heat on health. Their study found future increase 
in heat frequency due to climate change.475 This in turn is predicted to increase heat 
induced health effects in Germany causing a high negative influence on the German 
economy. Heat induced casualties will increase threefold: This study developed a heat 
island effect map to study and determine the severity. It estimated that the number of 
heat deaths is expected to rise by 7,500 in 2100 from 4,500 experienced today. This is 
due to the increased temperature, which is triggering cardiovascular problems that in 
some cases leads to death. Heat related hospitalisation will increase sixfold: Their study 
looked at the influence of heat on hospital emergency admissions and hospitalisation 
costs. Due to difficulty in quantification, the study specifically focused on computing heat 
induced rise in general hospitalisation costs (in today’s costs). An accurate forecast of 
future health care costs is impossible due to unpredictable progress in future medical 
care technology. Hence, this study demonstrates a rough estimate or provides insight 
into the potential impact on the German economy, rather than act as absolute figures. In 
the period between 2071 to 2100, their study found average hospitalisation costs of 
about 495 million euros per year. This is a sixfold increase compared to the climatic 
reference period 1971 to 2000. This, however, only represents 0.88 per cent of total 
German hospitalisation costs and 0.27 per cent of German health care expenses. As 
mentioned earlier, due to uncertain and changing parameter values, heat related 
hospitalisation costs cannot be identified exactly. Nonetheless, it still provides an idea of 
potential financial savings if the heat induced illnesses were mitigated. 
• Productivity: Reduction in work performance causing output loss of between 0.1 per cent 
-0.5 per cent of gross domestic product (GDP): Heat can also negatively affect well-
being by causing discomfort and loss of concentration. Some studies have started to 
explore work performance or mental abilities under different thermal environments.476 
The results demonstrate that when deviating from the comfortable level of 23°C, strong 
negative effects were evident. A range of 3 per cent to 50 per cent human performance 
was reported in temperatures higher than the comfortable level. More specifically, office 
employees reached maximum performance at 23°C and only 7 per cent of the maximum 
at 30°C. When assuming productivity reduction by 3 per cent, the economic loss due to 
heat induced productivity decrease amounts to approximately 540 million euros; equal to 
0.03 per cent of Germany’s total GDP. Consideration of the benefits and how they 
outweigh the costs was discussed most prominently “Rainwater management concept” 
report.477 The key findings will be discussed below. Overall, there seems to be 
discussion of the split incentive dilemma described in previous chapters. Energy savings 
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was a significant benefit that helped justify the high cost of construction. These savings 
were multiplied when coupled with further insulation to provide positive winter insulation. 
Green roofs offer an array of benefits.  
• Cooling insulation: A prominent benefit of green roofs is its ability to prevent strong heat 
input into buildings. Looking at measurable benefits, the report explored the value in 
terms of optimising the building energy balance.478  The UFA Fabrik in Tempelhof 
compared the cooling potential between a green roof and a conventional roof. The 
results showed that a green roof’s maximum surface temperature reached 30°C; 
whereas the neighbouring bitumen roof reached 55°C. This inevitably provides 
significant benefits for building with high inner heat loads, particularly when calculating 
air-conditioning systems. Green roofs do not necessarily cool much compared to 
conventional roofs. However, this balanced temperature provided by green roof makes 
roof cladding durable thus increasing roof longevity. 479  
• Heat insulation: Berlin, like most European cities, experiences cold winters and hence 
heat installation is extremely important. Typically, about 22 per cent of heat is lost 
through roofs. Coupling the biophilic element, a green roof, with added layers has shown 
to provide significant insulation benefits. Manufacturers are now recommending these 
so-called ‘thermo roofs’. A study from the University of Applied Sciences 
Neubrandenburg explored this further. Their results found a positive winter insulating 
effect of about 2 to 10 per cent.480 
4.8.3 Economic valuation method 
The push factors identified in this case study seem to be a history of urban greening hence 
cultivating a community and government that support biophilic elements (see Table 4-7). For 
this reason, no metrics or economic reports seem to have been commissioned prior to 
introducing the Biotope Area Factor (BAF). Rather the government of Berlin recognise the 
obligation towards community in introducing more creative urban greening programs and/or 
policies. 
Table 4-7: Berlin Economic Push and Pull Factors 
Push factor(s) Push factor(s) metrics Pull Factor(s) Pull factor(s) metrics 
Historic culture 
Community 
support 
- 
Storm water runoff Reduced rainwater tax fee  MB 
Health cost savings Heat induced hospitalization cost MB 
Productivity Output loss   MB 
Well-being   NB 
Cooling and heating 
insulation 
Rainwater management concept report NB 
Ad hoc local studies 
Roof longevity Rainwater management concept report NB 
UHI Rainwater management concept report NB 
Enhance urban biodiversity Rainwater management concept report  NB 
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Appreciating the abovementioned, the pull factors identified have been gathered from ad hoc 
academic studies conducted in Berlin. With a long history of urban greening, Berlin is has an 
understanding of urban ecology. Some studies explored the benefits in terms of stormwater, 
health, enhanced productivity, insulation, increasing roof lifespan, reducing UHI and even 
enhancing urban biodiversity.  
Reducing the rainwater tax fee, hospitalisation costs and output loss are straightforward 
quantifiable benefits, hence categorised as MB. Well-being in this instance was not 
quantified in Berlin and rather is considered a social benefit. The rainwater management 
concept report identified numerous benefits of biophilic elements, however they were not 
quantified. Although most of the metrics identified from this report can certainly have an 
economic value linked it to. This will be explored further as part of the in-depth inquiry 
process. 
Although most of the pull factors metrics have been categorised as measurable benefits 
(MB), the reports have not necessarily conducted an economic assessment per se; rather 
these metrics are identified and acknowledged, rather than quantified.  
4.9 Singapore factor clustering 
The first exercise identified the prominent role of political leadership in instigating the Garden 
City vision in Singapore. This cultivated a culture that inherently understands the role of 
urban vegetation, particularly when urban related challenges were becoming more and more 
apparent in a growing economy. The City in Garden vision envisions incorporating biophilic 
elements on three geographic scales – building, neighbourhood and city. Exploring this in 
more detail highlights the economic push and pull factors that played an influential role in the 
decision making process. 
4.9.1 Economic push factors 
When looking at the City in a Garden vision, new “push” factors emerge. In this case, 
neighbourhood revitalisation triggered the need to improve city dwellers’ lives by providing 
pleasant visual relief. This lack of space in this highly urbanised city pushed the Skyrise 
Greenery agenda forward.481  
The 2012 Singapore Green Plan was created in 2002 and provoked Singapore to progress 
the vision to a City in a Garden.482 Going beyond conserving rainforests, urban parks and 
enhancing landscape architecture, this new plan incorporated buildings, roads and concrete 
as innovative sites for vegetation.483 The compelling argument for Skyrise greenery, it 
seems, is the lack of space in this congested city-state. Singapore is quite often attributed 
with high density and space deficiency.484 With a geographic space of only 700km2 and a 
strong focus on economic development, interviews noted that the City was cautious not to 
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“suffocate itself”.485 As opposed to other countries, such as Australia who has the luxury of 
space, the government was aware that if Singapore were to grow uncontrollably, there would 
be no room for vegetation creating unliveable conditions for its residents. The obstacle of 
space inadvertently inspired a government to protect and even enhance natural elements in 
and around its city. 
4.9.2 Economic pull factors 
Pulling the Garden City forward and eventually becoming the City in a Garden vision was 
due to rising urban related challenges encountered by this city-state. Some of the most 
prominent externalities identified are stormwater runoff, rising urban heat island and air 
pollution which are particularly exacerbated due to this city state’s space deficient issue. 
Hence, retrofitting existing buildings with biophilic elements, and later new developments, 
became a priority. 
• Stormwater management: As the Garden in a City vision progressed in Singapore, more 
externalities became apparent. A prominent problem identified in Singapore is its 
stormwater management issue. Rainfall data of Singapore clearly demonstrates a trend 
towards higher rainfall intensities from 1980 to 2012.486 Coupled with the effects of 
climate change on sea level rise, a sophisticated stormwater management has become a 
necessity in Singapore. However, widening drains to increase drainage capacity in this 
space deficient city is challenging. Increased population and urbanisation has resulted in 
competing land uses and limited land available for stormwater infrastructure.487 A report 
to identify the cost of this externality does not seem to exist. Hence comparative studies 
between conventional and green roofs with regards to stormwater management do not 
exist either. However, comprehension of the potential of green roofs in retaining and 
slowing stormwater runoff is apparent in Singapore. The Singaporean government 
tasked a 12-man panel to solve this issue. An article in the Straits Times noted the 
Panel’s recommended a law that requires building owners to build green roofs. This, they 
argue, is due to a green roof’s promising potential of absorbing rainwater and hence 
reducing the speed of water flow.488 A rooftop garden’s water retention system 
comprises of soil-like materials, membranes and storage trays, all of which is capable of 
absorbing rainwater and slowing the flow of excess water down to ground level. A report, 
Managing Urban Runoff, by PUB also supports this by recommending a holistic 
stormwater management solution that incorporates green roofs in the urban 
environment. Contractors in Singapore claim that rooftop gardens ranging from a size of 
200 m2 (for a commercial building) to 1,2000 square metre (for a multi-story Housing 
Board carpark) can generally store anything from about 6 to 34 litres/m2.489 According to 
National Parks (NParks), the cost of rooftop gardens generally cost between SGD$100 
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and SGD$150/m2, which means a green roof on a commercial building costs 
SGD$20,000 and SGD$30,000 and can retain 6,800 L.490 A green roof on a Housing 
Board car park costs SGD$120,000 to SGD$180,000 and can retain 40,800 L of water. A 
2012 study conducted in Singapore explored the potential of green roofs in retaining and 
slowing the flow of water. Their study found a difference in volume and peak flow rate 
between a green and a conventional roof. The peak flow was reduced by 65 per cent 
and overall runoff by about 11.4 per cent. 
• Air pollution: In addition to the issue of stormwater management, the impact of air 
pollution on health has been quantified. The first of its kind; a study looked at the 
mortality and morbidity effects of particulate air pollution on Singaporean residents. By 
studying the statistical lives that could be saved and the cost of illness incurred, the 
results showed that the total economic cost of particulate air pollution in Singapore is 
SGD$3662 million (or about 4.31 per cent of Singapore GDP in 1999).491 Although due 
to some research limitations, the findings from this study should be treated as indicative 
rather than conclusive. Nonetheless, crucial insights emerge in terms of managing this 
costly externality creating significant health benefits for Singaporeans as well as 
economic gains for this city-state’s GDP. 
• Urban Heat Island: Similar to major cities worldwide, Singapore faces urban-related 
challenges such as congestion concerns due to drastic population increase from 2.7 
million in 1986 to 5 million in 2010 and the Urban Heat Island effect (UHI). In the 
Singaporean context, the first UHI effect study conducted was in 1964 by Niewolt.492 The 
study compared the city area with the airport area (representing rural area) and found a 
3.5°C difference between the two areas. The cost implications of this UHI effect 
phenomenon shed light on this previously unknown externality. In another study, Nichol 
observed over 4°C difference from the satellite image of Singapore. A more recent study 
by Roth found night time heat island effect of up to 4°C in the built environment whereas 
densely vegetated areas attributed to lower temperatures.493 These studies provided 
evidence that the built environment does impact local climate, creating another incentive 
to explore solutions. Singapore’s recognition of this externality, as demonstrated in local 
studies, provided a case for action to rethink city forms to lessen the impacts of the UHI 
effect. 
The following two field measurements on green roofs undertaken by the team at Skyrise 
Greenery provided valuable data for government, establishing that the installation of green 
roofs would notably improve the thermal environment on building roofs. The two pilot 
projects, however, did not consider the intangible benefits of accessible green roofs to the 
residents of the surrounding housing block in the first study and to the residents of the 
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commercial building in the second study, due to time and cost issues.494 HDB Punggol road 
Multi-storey car park: The first field experiment was carried out over a period of ten days. 
The weather reported was generally clear with slight overcast, with the exception of rain on 
one day. Two four storey car parks with accessible rooftops served as the experimentation 
sites, one of which was covered with intensive garden landscaping to determine rooftop 
temperature, ambient temperature and humidity differences between the two sites.495 The 
intensive green roof encompassed twenty-five measurement points, including reference 
points, at three different profiles in order to conduct repeatable analysis to provide robust 
data. The other experimentation site included sixteen measurement points, including 
reference points, at two different profiles to also ensure robust results.  
The results showed that vegetation can effectively reduce rooftop temperature. Additionally, 
the data demonstrated that the intensive green roof lowered ambient air temperature over 
the vegetated areas by 3°C in comparison to the other site. The plants, however, caused a 
noticeable build-up of air moisture enhancing relative humidity. IBP Atrium Commercial 
Building: This three level commercial building served as the second field measurement study 
by the team at Skyrise Greenery. This particular site was deemed appropriate, as it was not 
influenced by shadows or reflected solar radiation due to the absence of high-rise buildings 
in the area. This study was conducted to compare surface rooftop temperatures with 
different types of plants, no vegetation and bare soil. Without vegetation, the rooftop surface 
temperature reached 58°C and had noticeably higher heat flux throughout the day; with 
different types of plants (shrubs, trees and turf) rooftop surface temperature was reduced by 
31°C; the presence of only soil observed rooftop surface temperature of up to 42°C and had 
heat flux fluctuation at various times of the day.  
The study established that a direct effect of plants is reducing rooftop surface temperatures, 
ultimately reducing heat transfer into rooms underneath. This directly improves indoor 
thermal environment and thermal performance of buildings. Indirectly, the study found that 
plants are capable of mitigating the UHI effect as well as create favourable outdoor 
environment. Overall, the field measurements revealed that rooftop gardens are feasible in 
Singapore; the measured improvements are summarised in Table 4-8. Thermal parameter 
Range of reduction Surface temperature of roof 0 - 310C Ambient temperature at 300mm 
heights 0 - 4.2 0C at 1000mm heights 0 – 1.50C Relative humidity -23.5 per cent - 0 per cent 
Solar radiation (at 300mm heights) 4.2 – 124.6W/m2 Mean radiation temperature 0 – 4.60C 
Globe temperature 0 – 4.10C Heat flux transferred through surface 0.6 – 15.4W/m2.  
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Table 4-8: Singapore identified benefits 
Thermal parameter Range of reduction 
Surface temperature of roof 0 - 31 0C 
Ambient temperature at 300mm heights 0 - 4.2 
0C 
at 1000mm heights 0 – 1.5 0C 
Relative humidity -23.5% - 0% 
Solar radiation (at 300mm heights) 4.2 – 124.6W/m2 
Mean radiation temperature 0 – 4.6 0C 
Globe temperature 0 – 4.1 0C 
Heat flux transferred through surface 0.6 – 15.4W/m2 
 
4.9.3 Economic valuation method 
With political backing to green Singapore (Garden city vision) after its split from Malaysia, an 
economic business case was not presented. Hence the identified push factors were 
economy wide long terms goals for this newly independent city-state, as summarised in 
Table 4-9. 
Table 4-9: Singapore Economic Push and Pull Factors 
Push 
factor(s) Push factor(s) metrics Pull Factor(s) Pull factor(s) metrics 
Economy 
revitalisation 
Attracting foreign 
investment 
Pro-business strategy 
Storm water management Water flow and retention  NB 
Water volume 
Peak flow rate 
Overall runoff 
UHI Ambient temperature reduction NB 
Air quality Cost of illness   MB 
Energy savings Surface temperature of roof  NB 
Solar radiation 
Mean radiation temperature 
Globe temp 
Heat flux transferred 
 
When the Garden city vision evolved into the City in a Garden vision, some measurable 
costs and benefits were conducted to determine the feasibility of skyrise greening. 
Stormwater management was a rising issue in this congested city and hence inquiry into the 
potential for green roofs to assist with stormwater runoff was commissioned. Although in 
some of the other case studies the economic savings of stormwater runoff were quantified, 
this does not seem to be case in Singapore. Rather the conversation remains at water 
retention. Urban heat island and energy savings were quantified, however similar to 
stormwater management the financial savings are not explicitly stated. Temperature 
reductions are clearly identified, but not linked to the monetary savings that that accrues to. 
The study by NParks explored the cost savings urban vegetation has on illness, which for 
this reason this benefit was classified as measurable benefit.496 
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4.10 Conclusion 
In conclusion, each of the three case study analysis techniques – chronologies, coding and 
clustering – included analysing the case studies and semi-structure interviews. This analysis 
process identified characteristics across the five case studies that unveil the business case 
for biophilic urbanism to permit transferability across cities. More specifically, the case study 
analysis process highlighted a number of factors which inform the method of economic 
enquiry. These include: 
• The economic pathways identified from the first analysis technique – chronologies - 
highlighted various categories of pressure within an urban economy. Thus what becomes 
common across the cities is a disturbance or pressure that provides impetus for change. 
These vary from subtle community or political pressure to prominent externalities in the 
built environment.  
• The second analysis technique – coding – identified the role of services offered by 
biophilic elements in addressing the implicit or explicit pressure in the urban economy. It 
also demonstrated the various characteristics of these identified services. 
• The final analysis technique – clustering – categorised the identified services into 
meaningful categories thus highlighting the role of push and pull factors in influencing the 
business case. Further analysis also distinguished the various approach to quantification 
adopted by each individual city. This also revealed the crucial role of context in 
determining the quantification method employed for exploration. 
These findings highlighted the need for further clarification which called for a second round 
of interviews. The interviews along with their analysis are discussed in the Chapter 5.  
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5 Further exploration of the case studies 
This chapter draws on the literature relating to biophilic urbanism (Chapter 1) and 
Economics (Chapter 2), and the exploration of five case studies internationally (Chapter 4), 
to further consider: 
• Emergent push and pull factors that appear to be enabling the process of integrating 
biophilic urbanism in cities around the world.  
• The logic behind selecting an economic analysis method. 
• The type and role of economic analyses being used. 
• The challenges faced which may have hindered the incorporation of a biophilic 
element(s). 
Findings of the previous chapter analysed the push and pull economic factors identified in 
each city. This presented opportunities to highlight inconsistencies and/or gaps, which were 
explored as part of Round Two semi-structured interviews. This section contains the results 
and initial findings from the second round of interviews. Full interview transcripts can be 
found in Appendix B. The results are categorised into four emerging themes: 
Table 5-1: Round 2 Interview Questions and Themes 
Questions Themes 
What are the emerging economic pathways? 
What are the emerging Push Factors? 
Discussion of enabling factors 
What role did monetary value play in the 
business case?  
What role did non-monetary value play in the 
business case? 
Discussion of method of economic enquiry 
Discuss emerging Pull Factors. 
Discuss stakeholder engaging – political, 
community and industry buy-in. 
What economic paradigm is most important? 
Compelling elements of economic enquiry 
Discuss challenges Emerging challenges 
 
Within each question theme, key findings were identified and are discussed below. These 
findings begin to shed light on the economic pathways and method of enquiry in each city, 
providing clarity on the economic behaviour and conversations that facilitated the uptake of 
the biophilic element(s), including the explicit or implicit use of ecological knowledge in 
decision-making.  
Table 5-2 lists the interview candidates selected from each city. For some cities, multiple 
candidates were identified; whereas for others only one was identified. Emails were sent to 
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all requesting a semi-structured interview to assist in addressing the identified gaps. The 
gaps identified from the Chapter 4 were asked and discussed; this is presented in Table 5-2. 
Table 5-2: Round 2 Interview participants 
City Name Credentials Interview topics 
Po
rt
la
nd
 
Emily 
Hauth 
Stormwater Specialist 
Sustainable Stormwater 
Management Division  
Discuss emerging economic pathway.  
Discuss emerging economic Push Factor. 
Discuss emerging Pull Factors. 
Discuss method of economic enquiry. 
Discuss Ecosystem Services  
Discuss stakeholder engagement – political, community and 
industry buy-in. 
Discuss challenges and successes. 
Matt Burlin 
Environmental Program 
Coordinator 
Sustainable Stormwater 
Management Division  
Sara J 
Culp 
Watershed 
Services Program 
Coordinator 
C
hi
ca
go
 
Sean 
Wiedel 
Assistant Commissioner, 
Commissioner's Office, 
Chicago Department of 
Transportation 
 
Previously, Assistant 
Commissioner for Natural 
Resource & Water Quality at 
the Chicago Department of 
Environment 
Discuss emerging economic pathway. 
Discuss emerging Push Factor. 
Discuss emerging Pull Factors. 
Discuss method of economic enquiry. 
Discuss the Quadruple Economic Value Method. 
Discuss stakeholder engaging – political, community and 
industry buy-in. 
Discuss challenges and successes. 
To
ro
nt
o 
Hitesh 
Doshi 
Professor, Department of 
Architectural Science 
Co-author of ‘Report on the 
Environmental Benefits and 
Costs of Green Roof 
Technology for the City of 
Toronto” 
Discuss emerging economic pathway. 
Discuss emerging Push Factor. 
Discuss emerging Pull Factors. 
Discuss method of economic enquiry. 
Discuss the Cost Benefit Analysis method. 
Discuss stakeholder engaging – political, community and 
industry buy-in. 
Discuss Green Roof Bylaw. 
Discuss challenges and successes. 
Liat 
Margolis 
Assistant Professor, Faculty 
of Landscape and Design 
Annemarie 
Baynton 
Senior Environmental 
Planner 
Jane 
Welsh 
Project Manager, 
Environment Zoning By-law 
and Environmental Planning, 
City Planning 
B
er
lin
 
Ingrid 
Cloos 
Team Leader, Landscape 
Planning,  
 
Senate Department for 
Urban Development and 
Environment Government of 
Berlin, Germany 
Discuss emerging economic pathway. 
Discuss emerging Push Factor. 
Discuss emerging Pull Factors. 
Discuss method of economic enquiry. 
Discuss stakeholder engaging – political, community and 
industry buy-in. 
Discuss BAF. 
Discuss challenges and successes. 
Si
ng
ap
or
e NParks 
Candidate  
Manager at Skyrise 
Greenery, Singapore 
Discuss emerging economic pathway. 
Discuss emerging Push Factor. 
Discuss emerging Pull Factors. 
Discuss method of economic enquiry. 
Discuss stakeholder engaging – political, community and 
industry buy-in. 
Discuss City in a Garden and Sky rise Greenery. 
Discuss challenges and successes. 
Tan Puay 
Yok 
Associate Professor, 
National University of 
Singapore 
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5.1 Portland Interviews 
Table 5-2 summarises the questions asked of participants. Speaking to three candidates 
from the City of Portland provided insights from City Council perspective. The key findings 
from the interviews are discussed below within each of the identified themes. 
5.1.1  Enabling factors for green infrastructure 
Interviews with candidates from the City of Portland identified various enabling factors which 
prompted the exploration and later the uptake of green infrastructure. These factors are 
important as they were the initial compelling elements of the business case, which adds 
further meaning to the economic push factor identified in Table 4-3 – stormwater 
management. 
• Political pressure: The Federal Clean Water Act, such as the Combined Sewer Overflow 
Control Policy and the National Pollutant Discharge Elimination System permit program 
were triggers for cities throughout the United States to manage stormwater at a local 
level. This set the specific task for cities to carefully and intentionally tackle this rising 
issue. 
• Externality pressure: The economic push factor, stormwater management, was 
confirmed by all participants. In fact, this presented members from the Sustainable 
Stormwater Management Division with a compelling incentive to search for creative cost 
effective options. 
• Cultural ethos of sustainability: Participants explained an inherent cultural appreciation of 
Portland’s natural ecosystems is apparent. The community more often than not supports 
habitat restoration, protection and sustainability in general, as one interview participant 
suggested, “…this is the Portland way”. This no doubt facilitated community support and 
confidence when the transition from strictly grey facilities to a mixed approach took place 
in Portland. 
5.1.2  Method of economic enquiry 
Interview participants were also asked to comment on the most compelling components that 
triggered urban greening in Portland. A thematic analysis of the interview shed light on the 
role of demonstrating fiscal returns.  This is discussed further below: 
• Narrow objectives: The interview participants explained the bureau was tasked with a 
very specific mission: operations and maintenance of the city’s sewer and stormwater 
systems for public health and water quality. With this very specific mission statement, the 
most compelling benefit for the business case was ensuring the cost effectiveness of 
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stormwater management. An interview participate added that Green streets were 
function first, a solution to a prominent problem. 
• Exchange value theory: This confirms the economic paradigm which drives the business 
case in Portland. An interview participant explained that: 
“As far as economics goes, I think that we really tried to include the economic argument 
because it’s really what has been driving our machine as a utility here…We’ve been able 
to show that in a cost comparison that an entirely grey approach, based on the case 
study that we’ve performed here, costs considerably more than an integrated green and 
grey approach [and that money is savings that goes to the ratepayers] and that helps us 
reduce our future cost for operations and maintenance over time.”  
5.1.3  Compelling ecosystem factors 
The interview participants offered interesting insights into the prominent ecosystem services 
that played and continue to play a significant role in the business case. These are discussed 
below: 
• Regulating factors: Addressing CSO issues was first priority; hence utilising the most 
effective technologies was crucial. Interviews explained that this was perhaps most 
compelling for political and community buy-in, more so than demonstrating the monetary 
savings. Particularly on bureaucratic level, demonstrating and quantifying the 
effectiveness of these facilities in terms water pollutants, peak flow and volume 
reductions and infiltration rate. The monetary savings was an added incentive to an 
efficient and effective technology. 
• Cultural factors: Interviews highlighted that introducing green infrastructure is always a 
challenge as community opinion was not always universally positive and often this has 
stemmed from a misunderstanding of this new technology. In this instance, the wider 
benefits served as complementary to the initial objective – stormwater management cost 
savings. Seamless integration of this technology into the fabric of pedestrian network 
certainly assisted in the marketability of this new technology. Visual amenity served as 
secondary benefits in their public education and outreach programs.  
• Demonstrating risk levels: Risk assessment from the field of asset management, an 
interview participant explained has become a very useful tool in assisting in decision 
making in terms of investments in sewage and water pipe infrastructure. Measuring, 
evaluating and demonstrating the level of risk as well as precise location has been a 
major contributor of their infrastructure decisions. This has been a particularly beneficial 
tool in predicting future potential risks and setting up appropriate measures to tackle 
them.  
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• Minimal role of other benefits: Participants also explained that the role of green 
infrastructure in how urban nature could benefit health, wellbeing and liveability in the city 
is not necessarily important for the business case. This was deemed unnecessary due to 
the difficulty in quantification of these benefits. Firstly, benefits from green infrastructure 
do not always accrue to the place where costs are borne.  
As mentioned earlier, funding sources are tied to particular narrowly defined missions and do 
not lend themselves to application on a broader system wide, multi-objective scale. For this 
reason, the broader benefits were not particularly important, particularly as they operate 
within a conservative political arena. One participant explained that quantifying these 
benefits was not part of their mission statement as they “don’t speak in those terms”. 
Interviews also highlighted that findings from research conducted served as supporting 
evidence to demonstrate the widespread success of their green infrastructure initiative, but 
not necessarily most compelling for Council. All participants agreed that findings from the 
2010 Ecosystem Services report play a minimal role in informing the business case. 
5.1.4  Disabling factors 
While participants discussed the many factors that assisted in strengthening the business 
case for green streets, they also offered insights into the hindering factors that they needed 
to and at time still need to overcome. Factors such as government structure, methodology 
and risk assessment presented difficulties for the green streets case. These are discussed in 
more details below: 
• Silo government departments: One participant explained whilst Green Infrastructure is 
widely accepted and the social benefits are understood, they are still constrained due to 
narrow objectives within departments. Their first priority remains demonstrating savings 
in terms of stormwater services as they have a responsibility to ratepayers. Being tied to 
a particular mission, their cost benefit analysis solely relies on enhanced water quality 
and treatment plant benefits. Internally, the wider benefits are to a certain extent 
insignificant.  
Silo departments are useful in assigning specific roles to ensure effective outcomes, 
however complex issues such as sustainability and urban health often calls for a 
holistic approach. One can argue that collaborations across departments could 
provide holistic, more efficient solutions ensuring multiple challenges are tackled. 
This also strengthens the feasibility and potential of green infrastructure when 
multiple agendas are met from a single solution. 
• Sensitive to government change: As with many programs, the grey to green initiative has 
been susceptible to government change. This has caused a current slow down to the 
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program. This has challenged the Bureau to reconsider their planning efforts in order to 
comprehensively demonstrate the full value of their program as well as assess the 
urgency of risk mitigation. This entails carefully articulating the pressing need to tackle 
the most prominent risks and ultimately demonstrating the cost avoided in doing so.  
• Inconsistent methodology: A lack of a consistent data and reliable economic 
methodology has made full economic valuation of their projects difficult. One participant 
recognises the value in adopting a reliable methodology that the department could use to 
assess projects. This also hinders the confident use and referral to the qualitative 
benefits. Lack of absolute certainty and accuracy makes it risky to confidently refer to 
these benefits.  
• Challenges in assessing risk: It is quite challenging to assess the level of risks in terms 
of environmental degradation, as some of these factors remain difficult to quantify and 
evaluate. One participant stressed the need for a multidisciplinary approach to analysis 
in order to comprehensively present a risk analysis in mitigating against climate change 
and urban related challenges.  
• Risks of economic analysis: One interview candidate shared a very interesting point 
regarding the risk in relying on economic rationale in sustainability. At times the 
economic business case does not stack up and could occasionally work against habitat 
protection and sustainability.  
5.2 Chicago Interviews 
Table 5-2 summarises the questions which were asked to participants. Emails were sent to 
various identified candidates. A number declined to participate or no responses were 
received. For this reason, only one interview was conducted with a candidate from the City 
of Chicago. This provided insights from City Council perspective. The findings from the 
interviews are discussed below. 
5.2.1 Enabling factors for green infrastructure 
The interview with the City Council candidate provided a better understanding of the decision 
making culture in the city of Chicago that would have undeniably played an influential role in 
the resurrection of Millennium Park. The interview candidate suggested that in his 
experience, the City had a few approaches in encouraging green urban initiatives. These 
served as enabling factors for the rise of green infrastructure, including Millennium Park. 
• Lead by example: The City of Chicago considered that before introducing policies or 
requirements for private developers or homeowners to take a certain action, the City 
should take the action themselves first. A key example of this is the City Hall green roof, 
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which the City installed in 2001 to test and demonstrate the technology. The City tested 
various types of green roof technologies and plant types, and monitored the roof’s 
performance to provide locally relevant data. Following the success of this green roof, 
Chicago introduced several measures to encourage the use of green roofs throughout 
Chicago.  
• Education: The City of Chicago invests strongly in educating Chicagoans in green 
technologies and behaviours. The Chicago Centre for Green Technology offers training 
courses and workshops for a wide range of topics, including composting, installing rain 
barrels and planting trees through to the advantages and disadvantages of Solar PV and 
how households can select the best panels. The City also fosters peer-to-peer 
education, through training volunteers in the Conservation Corps program in a 6-week 
program, and then providing ongoing support from them to undertake community 
projects to engage their community in sustainable behaviour. As the interview candidate 
noted, to have people advocating for the environment, we have to educate them. 
• Regulatory approaches: As a final tool, the City also uses regulatory approaches to 
encourage urban greening. However as the candidate notes, this is generally not the first 
option. The Stormwater Ordinance is one example of this, which requires developments 
to manage the rainwater that falls on the property to minimise the load on the city’s 
sewers. 
This culture of encouraging green infrastructure fostered political support for champion 
Mayor Daley’s vision. 
5.2.2 Method of economic enquiry 
Speaking specifically on the economic business case, the interview candidate shared the 
most compelling components that triggered urban greening in Chicago. A thematic analysis 
of the interview shed light on the role of perceived value - a political champion understanding 
and appreciating the potential value of greening a city appears to have prompted the initial 
uptake. This is discussed further below: 
• Urban revitalisation: Strong leadership played a significant role in pushing the urban 
vegetation agenda forward. Mayor Daley provided a strong vision for Chicago to be the 
greenest city in the US, and his personal drive resulted in the development of many of 
the urban greening programs in Chicago today. The interview candidate noted that there 
were many things that were introduced in Chicago as a result of the Mayor having seen 
an idea in another US or international cities and then implementing the same in Chicago. 
The Mayor had considerable personal influence, and to a large extent, his directive for 
an initiative to be implemented was sufficient for this to take place. This was in part to 
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revitalise a city that was considered a “dark place, which was considered unsafe”. The 
interview candidate explained Mayor Daley recognised the role of urban vegetation as 
development tools capable of impacting multiple economic components of Chicago. 
• Performance analysis: The research candidate asked the interviewee whether he felt 
that there was a mentality of risk-taking in Chicago, manifested in a willingness to trial 
and demonstrate new technologies and ideas. The interview candidate felt that there 
was and is a deep seated desire to maintain relevance in Chicago, likely stemming from 
a long-standing perception of Chicago as being “the second city”, overshadowed by New 
York City or Los Angeles. Mayor Daley was focused on Chicago being the greenest city, 
and through the Department of Environment (DOE) was able to push this agenda and 
implement many innovative and ambitious goals and programs. 
5.2.3 Compelling ecosystem factors 
The interview participant explained the significant role of regulating factors in strengthening 
the case for urban greening. The following factors elaborate on this:  
• Urban Heat Island: With a prominent political champion and flexible access to funding497, 
the Department of Environment was in a unique advantageous position. When asked to 
comment on the emerging conditions that made urban vegetation favourable, the 
candidate explained the recognition of externalities helped pull it forward. In particular, 
an interview participant referred to the unfortunate heat wave incident in July 1995, 
which was one of the worst weather-related disasters in Illinois history with over 700 
deaths over a 5-day period. This was a “wake-up call” to rethink city design particularly 
as recognition of the UHI was becoming apparent. This UHI is caused by the high 
concentration of buildings and parking lots, which tend to absorb more heat in the day 
and radiate more heat at night than comparable rural sites. Recognising the harmful 
impact of UHI prompted the 1998 UHI study as well as the Open Space Impact Fee 
Ordinance and the Clean Air Counts. This externality became a compelling focus for the 
City. 
When asked to comment on the need for an economic argument, the interview candidate 
shared the dire health consequences of urban heat coupled with flexible access to 
funding deemed economic justification unnecessary. Rather they focused on the 
regulating service offered by ecosystems in terms of carbon sequestration, reducing 
ambient temperature and enhancing air quality to mitigate UHI. Additionally, energy 
savings from green roofs strengthened the argument for urban greening.  
• Stormwater management: The City of Chicago experiences flooding throughout the 
region every year. The highly urbanised Des Plaines River watershed has been noted to 
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experience the most damage. This is predominately due to extreme storm events. 
Hence, reducing stormwater runoff became another compelling externality pulling urban 
greening forward. It is especially important because a number of areas in Chicago have 
combined sewers exacerbating this urban related challenge. During storm events the 
sewer system can frequently become overwhelmed and discharge the contents directly 
into bodies of water. Reducing this Combined Sewers Overflow became another 
compelling component, and with that 2007 Stormwater Ordinance was introduced. 
• Appreciation of the multiple benefits:  The approach to reaping the multiple levels from 
ecosystems to demonstrating the widespread potential. The interview candidate 
explained that showcasing the weather-regulating component of ecosystems in the built 
environment and energy savings along with the interception capacity of rainwater 
provided an overwhelming argument for their programs. This assisted in political as well 
as community support for the various programs introduced; keeping in mind their access 
to funds that undoubtedly made innovative visions easier. This meant implicit 
understanding of green infrastructure was enough to garner support in Chicago. 
5.2.4 Disabling factors 
The source of funding undoubtedly plays a role in the method of enquiry for the business 
case. The interview candidate explained when the funding for DOE programs stemmed from 
ComED, economic justification was seldom necessary; however when federal funding was 
being used, this changed the context of the business case. Although not many economic 
studies have been produced, the candidate explained that perhaps the most notable and 
well-reported is the Millennium Park example. These economic studies can help immunise 
some projects and budgets against political and financial concerns.  
However, this relies on being able to value the economic benefits, and this can be a complex 
process. Millennium Park, for example, had many benefits that were easily quantified, such 
as the increase in surrounding property values, or the number of visitors to the Park, and 
increases in retail activity in the area. Quantifying the value of greened median strips is 
harder, even though it is likely that these are contributing to the health and happiness of 
Chicagoans, reducing the urban heat island effect and minimising stormwater runoff.  
5.3 Toronto Interviews 
Table 5-2 summarises the questions which were asked to participants. Speaking to two 
candidates from the City of Toronto provided insights from City Council. Two academics 
were also interviewed to provide an alternative perspective. The key findings from the 
interviews are discussed below within each of the identified themes. 
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5.3.1 Enabling Factors for Green Infrastructure 
Interview participants provided a behind the scenes context for the history of the Green Roof 
Bylaw. This helped shed light on the enabling factors such as the pioneering role of 
prominent figures in Toronto as well as the other push factors, which assisted in the ultimate 
approval of the Bylaw. These are discussed in more detail below: 
• Champion based: An interesting insight which was discovered in this round of interview 
disclosed a champion based pathway. Together president of GRFHC, Steve Peck, and 
former Deputy Mayor, Joe Pantalone, were responsible for pioneering Green Roofs in 
Toronto, setting the foundation for exploration. 
• Externality pressure: All participants agreed externalities, stormwater management and 
urban heat island effect, presented a pressing need for mitigation. These confirm the 
identified economic push factors from the initial case study analysis. One interview 
participant also pointed to the significance in valuing the urban dead space which 
presented an economic loss due to lack of utilisation. 
• Political support: Participants from government departments identified political support as 
an additional pathway. Coupling the Bylaw with the revised green standards for their 
planning process facilitated the uptake of green infrastructure. 
5.3.2 Method of economic enquiry 
Addressing urban related challenges was no doubt fundamental in gauging government 
interest. An interview participant commented that the method involved exploring the benefits 
and costs across the city to capture the potential extent of the impact. Though, prior to 
determining the citywide impact, the participant explained that identifying applicable roof top 
space was key. This was ground-breaking as it provided a method of assisting as estimation 
of the feasibility of green infrastructure. These methods set the foundation for their economic 
explorations, which are discussed further below: 
• Exchange value theory: Quantifying the financial savings in terms of stormwater 
management and urban heat island effect demonstrate the significance of value in 
Toronto. A commissioned study by Ryerson University was essential to demonstrate the 
business case. In particular, an economic cost benefit analysis was conducted. However, 
it was never intended to be a full CBA due to inconsistencies in between the participant 
who bears the cost and the receiver of the benefit. Additionally, time and cost constraints 
prohibited the full exploration.  
• Quantifying externalities: A breakthrough in their methodology was instigating 
conversation on the cost of urban dead space. The true cost of concrete and asphalt 
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often remains externalised; this falsely makes pavement and rooftop space less costly to 
build, repair and maintain. A compelling component of the method of economic enquiry 
included quantifying the impact of converting urban dead space into rooftop gardens. 
5.3.3 Compelling ecosystem factors 
The interview participants pointed to a few ecosystem factors which served as compelling for 
the business case in Toronto. The prominent two are discussed below, along with the 
recognising multiple benefits and highlighting risk levels: 
• Regulating factors: Regulating factors such as air quality maintenance, climate 
regulating, water purification, waste treatment and stormwater management were 
identified as compelling by all participants. In particular, emphasis is placed on 
regulating factors which could be attributed to monetary value. 
• Cultural factors: Contrary to initial findings, participants expressed the role of cultural 
factors such as aesthetic value, social relations, and recreation play in sustaining and 
garnering continuous support for the Bylaw. Although peripheral, they still play a role 
in community, industrial and political buy-in.  
• ‘Two birds with one stone’: Recognition of the multiple benefits offered by one 
technology is recognised by the Council. One participant shared a quote by a 
consultant hired to provide recommendations on possible alternatives to green roofs. 
Their conclusion was “there is nothing else that delivers the same package of 
benefits that a green roof does.” Although not economically quantified, a qualitative 
appreciation of the wider benefits presents green roofs as more compelling to other 
alternatives. Additionally, the recent publication by the City on biodiversity guidelines 
presents green roofs as practical solutions to meet these guidelines. Coupling green 
roofs with complementary programs adds to the holistic solution approach. 
• Demonstrating risk levels: Geographical Information Systems (GIS) maps along with 
data required to estimate heat loads were utilised to generate heat maps of the city to 
identify areas of most concern. ‘Employment areas’ were generally warmest; for this 
reason the program intentionally targeted only industrial, commercial and institutional 
buildings. 
5.3.4 Disabling factors 
Interview participants explained that two disabling factors are the limitations of the green roof 
design guidelines as well current market structure which can at times impede biophilic 
urbanism in Toronto. 
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• Limitations of green roof design guidelines:  One participant explained that due to 
industry practices and construction guidelines, this has neglected to take into account 
context, including climate, natural ecology and urban/environmental management 
objectives or priorities.  
Furthermore, architects and other green roof specialists are not equipped with the 
tools to evaluate contextual factors throughout their design process. They are also 
not familiar with alternatives to standard practices, nor how to correlate green roof 
configuration, composition or maintenance techniques with performance (water, 
energy, habitat, among others).  
• Developer driven market: Two participants expressed a set-back in operating within a 
developer driven market. Operating within the conventional realm of planning 
occasionally makes it difficult to promote urban greening further. Contesting goals 
poses difficulty in setting the balance between urban greening and development. 
Communications and compromises across departments is key to ensure goals are 
equally met.  
5.4 Berlin Interviews 
Table 5-2 summarises the questions which were asked to participants. Speaking to one 
candidate from the City of Berlin provided insights from City Council perspective. The key 
findings from the interviews are discussed below within each of the identified themes. 
5.4.1 Enabling factors for green infrastructure 
When asked to comment on the enabling factors for the Biotope Area Factor (BAF) program 
were, the participant explained that the City had not undertaken any modelling or 
assessment of the economic benefits provided by the extensive urban greening in Berlin. 
Rather. The City focused on understanding, quantifying and mapping the environmental 
conditions throughout Berlin, including green and open space as well as vegetation. This 
resulted in providing highly detailed and specific information, and whilst this information has 
not been considered for the financial implications, provides evidence of the breadth and 
extent of benefits. The compelling enabling factors which the participant considers to have 
pushed the BAF program forward are summarized below: 
• Political history of urban greening: The participant summarised the rich history of 
urban planning in Berlin which continues to underpin and dictate current city 
planning. This made urban greening an inherent aspect of the fabric of the city. 
• Crisis mitigation: References to the damages caused by the industrial revolution and 
the world wars were contributors to realising the importance of urban greening. 
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• Cultural ethos for sustainability: Sustaining this history of urban greening policies 
were on tandem with community support. The participant confirmed throughout the 
interview the cultural demand for urban greening. Rather than an economic 
component, these elements continue to push to urban greening. 
5.4.2 Method of economic enquiry 
The interview participant was also asked to comment on the method of economic enquiry in 
Berlin. Comments highlighted the qualitative nature of enquiry. This is discussed further 
below: 
• Feasibility of program: With legally binding legislations and community demand, the 
Department for Urban Development and Environment are constantly enhancing 
creative urban greening plans for Berlin. Presenting the economic value is not 
compelling in this context; rather emphasis is placed on effectiveness and feasibility 
of programs. A seamless interaction with development is key for balanced pathways 
forward. 
• Qualitative economic enquiry: A reoccurring emergent theme throughout the 
interview was the dominant qualitative method of economic enquiry. Showcasing the 
economic value of nature is deemed unnecessary in Berlin. Rather, emphasis is 
placed on ensuring access to open space for recreation, social interactions and other 
cultural benefits. Additionally, recognition of the threats of climate change propels 
government to attempt mitigation. 
5.4.3 Compelling ecosystem factors 
With an inherent community and political appreciation for urban greening, a quantitative 
analysis is not always necessary. Rather, recognition of the multiple benefits offered by 
biophilic elements along with appropriate planning and the ecosystems services offered 
appear to be compelling factors strengthening the business case. These are summarised 
below: 
• Package of benefits: Biophilic elements are recognised as a compelling element of 
urban vegetation. The various components are discussed below. 
• Forward planning: Another emerging theme from the interview is the emphasis 
placed on forward planning. Recognition of the rising population and threats of 
increased urbanisation fuels the department to ensure protecting existing green 
space or ensuring rehabilitation of lost green space.  
• Cultural factors: Constant references to the cultural component offered by 
ecosystems demonstrate its compelling role in Berlin. The participant expressed that 
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one driving force for urban greening is providing a space for social relations, 
aesthetically pleasing views and recreation. 
• Provisioning factors: Examples such as community gardens in Berlin were also 
discussed during the interview. 
• Regulating factors: Regulating component of ecosystems are readily discussed in 
Berlin’s environmental plans. For instance, enhancing biodiversity, erosion control 
and climate regulation are recognised and are compelling for green spaces.  
5.4.4 Disabling factors 
Insights were also discussed in terms of the hindering factors in Berlin. Factors such as 
competing demands and internalising externalities; these are discussed in more details 
below: 
• Competing demands: Due to conflicting goals – development versus vegetation – the 
participant shares competing land demands is an occasional struggle which 
demands compromise across departments. 
• Internalising externalities: Internalising those externalities is still not legally binding; 
though it is readily understood as an urban challenge which could be lessened 
through urban vegetation. The participant shared the gap in accurately pricing 
externalities.  
5.5 Singapore Interviews 
Table 5-2 summarises the questions which were asked to participants. Speaking to one 
candidate from NParks provided insights from Government department perspective. Another 
interview was conducted with an academic to provide alternative insights. The key findings 
from the interviews are discussed below within each of the identified themes. 
5.5.1 Enabling factors for green infrastructure 
Interviews with candidates highlighted various enabling factors which prompted the 
exploration and later the uptake of biophilic urbanism in Singapore. Government leadership 
and structure along with recognition of the benefits of biophilic urbanism for Singapore 
played a major role in enabling the Garden city vision to take off. These are discussed 
further below: 
• Champion based: Both participants agree political pioneering was a significant push 
for the initial Garden city vision. This was predominately due to urban greening 
presenting itself as an opportunity to showcase Singapore as a well-managed and 
safe place for foreign investors. Former Prime Minister LKY explained in his memoir 
that despite being a third world country at the time, it did not need to ‘look like one’. 
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Revitalising an economy through urban vegetation created jobs and attracted 
investment. 
• Urban comfort and liveability: A factor reiterated by both participants was the 
emphasis on urban comfort and liveability. LKY’s vision recognised the significance 
and importance of liveability for a successful economy. He understood, particularly 
from his travels to highly urbanised cities, the negative aspects of the built 
environment. For this reason, ensuring public comfort in terms of pedestrian shading, 
community health and well-being were most likely, as one participant explains, 
another push factor for this vision. 
• Top down government: Singapore’s government structure presented itself as 
advantageous for the application of a bold urban greening program. The top-down 
government system meant that propositions did not necessarily require community 
buy-in. The conditions in Singapore, in terms of government structure, were really 
conducive for visionary and novel ideas such as the Garden City vision. LKY was 
mindful to also address immediate concerns of a typical struggling developing 
economy, such as education and housing. He ensured enough budget was set aside 
for these institutions, all whilst safeguarding for the greening vision to take off. It took 
tactful planning and vision. 
5.5.2 Method of economic enquiry 
Participants explained that with government support, quantitative benefits were not 
particularly important. Rather demonstrating the effective functionality of biophilic elements 
was the dominant driving force of the business case.  
• Demonstration projects: Demonstration projects were necessary to garner 
complementary department support for Skyrise Greenery. As NParks was entering a 
realm that it did not have control over, these demonstration projects were required to 
demonstrate feasibility and harvest support from relevant agencies. Hence, 
showcasing effectiveness of technology was crucial for buy-in from stakeholders. 
• Emphasis on environmental benefits: Both participants were adamant in expressing 
the driving force of these demonstration projects – environmental benefits. 
Regulating factors such as reducing UHI, managing stormwater runoff, enhancing air 
quality and reducing energy were monitored through metrics. Both participants also 
agreed that monetary value played little to no role in government buy-in. Rather 
emphasis was placed on functionality of this technology to assist with meeting 
Singapore’s environmental initiatives – as presented in the Sustainable Blueprint of 
Singapore report.498 An NParks Candidate further clarified that they “…actually do 
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not look at the research findings of quantifiable benefits; we look at it from a 
qualitative perspective.”  
• Cultural ethos of sustainability: Participants also agreed that an inherent cultural 
appreciation of sustainability was apparent. The champion based Garden City vision 
cultivated a community which now appreciates and even demands nature. 
5.5.3 Compelling ecosystem factors 
The interview participants highlighted the most compelling factors for the business case in 
Singapore. The prominent two are discussed below, along with the recognising qualitative 
nature of enquiry: 
• Regulating factors: Regulating component offered by ecosystems plays a fundamental 
role in the business case for urban greening. This was confirmed by both participants 
expressing the compelling element of showcasing regulating benefits for Singapore’s 
recognised urban related challenges.  
• Cultural factors: Elements such as aesthetic value, social relations, recreation, sense of 
place, tourism and cultural heritage regularly came up during the interview with the 
NParks candidate. The interview candidate expressed a compelling element of urban 
greening was ensuring a liveable city for city dwellers. Tourism and cultural heritage are 
particularly significant as Singapore currently applied for United Nations Educational, 
Scientific and Cultural Organisation’s (UNESCO) world heritage statues for their Botanic 
Garden. 
• Qualitative economic enquiry: Although elements such as tourism and abovementioned 
environmental benefits are often quantified in the literature, participants expressed the 
dominant qualitative method of showcasing benefits in Singapore. This is partly due to 
the difficulty in accurately quantifying them. Contextual factors such as strong political 
support and inherent community appreciation of nature makes quantification seldom 
required. 
5.5.4 Disabling factors 
One of the interview participants explained that although biophilic urbanism has been very 
successful in Singapore, green infrastructure is not always part of the pre-construction 
planning process. 
• Structural load capacity: Although successfully progressing, a few disablers were 
identified. One in particular is in regards to the difficulty encountered with the structural 
load capacity of some of the older buildings. These buildings were built without green 
roof consideration. Correcting the structural load capacity has been deemed too 
expensive and/or too difficult for most. To correct for this, new developments are being 
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encouraged to make plans for Skyrise Greenery in the initial building construction 
phase, facilitating the uptake and cost effectiveness.  
5.6 Conclusion 
In conclusion, the thematic analyses of the second round of interviews were used to inform 
the gaps identified from the first round of interviews. This aided in the comprehension of the 
decision making process employed by cities. In particular, the analysis highlighted the 
enabling factors, method of economic enquiry, the compelling ecosystem factors as well as 
the disabling factors hindering biophilic urbanism. 
Applying the theoretical framework, the results of the analysis inform the characteristics of 
ecosystem services for biophilic urbanism and the development of the model, which will be 
presented in Chapter 6.  
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6 Biophilic services and decision model 
As discussed in previous chapters, society is increasingly calling for specialists across 
government, industry, business and civil society to problem-solve issues related to the built 
environment. These challenges have emerged due to the current design of most major 
cities. These include rising urban heat island effect, rising pollution, health implications and 
increased congestion, which are further exacerbated by increased urbanisation and 
population pressures. Within this complex and multidisciplinary problem context, and moving 
beyond the ad hoc and incremental sustainability improvements that have been made to 
date, collaborative efforts are required to find rapid and transformational solutions. Linking 
sustainability, design and ecology, the notion of biophilic urbanism presents a unique 
opportunity to decouple environmental pressures from economic growth. With emerging 
trends across some global cities towards biophilic urbanism, economic understanding of 
pathways for integration is needed to incorporate biophilic urbanism practices.  
Within this context, this dissertation proposes that a incorporating biophilic element(s) 
requires an intentional method of economic enquiry, to overcome barriers to decision making 
related to uncertainties about capital and operational costs. The ecosystem services 
approach is discussed as a potential mechanism to link scientific knowledge to 
environmental policies in addition to broader environmental, social and economic problems 
across an economy. Conclusions highlight opportunities to exploit this collaborative working 
approach to formally integrate ecology into decision-making, through recognising ‘biophilic 
services’. The ecosystem services model (discussed in Chapter 2) is adapted to create a 
conceptual ‘Biophilic Decision’ model.  
6.1 Recognising ‘biophilic services’ within ecosystem services 
In Chapter 1, the term ‘biophilic elements’ was referenced as natural design features in the 
built environment - these ‘ecosystems’ range from individual single ecosystems to city scale 
ecosystems. In reality, green roofs, green walls and street trees are too small to be 
considered ecosystems in their own right and this is acknowledged. However for the purpose 
of consistency, the benefits derived from these building and neighbourhood scale elements 
are referred to as ‘services’ from ecosystems, appreciating that when incorporated city-wide, 
they are part of a larger system.  
As discussed in Chapter 2, ecosystem services research has become an important area of 
exploration over the past decade.499 In 1977, Westman suggested that the social value 
derived from ecosystems could potentially be enumerated such that society can make more 
informed policy and management decisions.500 Recognising this, the idea has grown to 
incorporate the economic value derived from ecosystems to allow for more effective 
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decision-making. The publication by the Millennium Ecosystem Assessment (MA) put 
forward a monumental work involving over 13,000 scientists.501 The major contribution of this 
work was creating clear links between the services offered by ecosystems to human 
welfare. 502 503 504  
Chapter 4 presented a suite of benefits – factors – for a range of biophilic elements. These 
push and pull factors play an influential role in the business case for biophilic urbanism. 
Currently the factors are random and highly scattered, with no identified characteristics to 
describe and inform their use. According to the Millennium Assessment Framework, services 
from ecosystems need a clear and consistent definition and wider comprehension of key 
characteristics of ecosystems and the services they offer.  
Drawing from the definitions summarised in Table 6-1 and the case studies and interviews, 
the definition and characteristics of services in the built environment are presented in the 
following paragraphs.505 
Table 6-1: Summary of references outlining the various aspects of Ecosystem Services 
Definition Reference 
The benefits people obtain from ecosystems MA 2005 
Ecosystem services are the ecological components directly 
consumed or enjoyed to produce human well-being Boyd and Banzhaf 2007 
The conditions and processes through which natural ecosystems, 
and the species that make them up, sustain and fulfill human life Daily 1997 
The benefits human populations derive, directly or indirectly, from 
ecosystem functions Costanza et al 1997 
Ecosystem services are the aspects of ecosystems utilized 
(actively or passively) to produce human well-being. Fisher et al 2009 
 
Drawing from the definitions summarised in Table 6-1 along with synthesis of findings of the 
previous chapters discussed above, the following five characteristics are distilled to define 
‘biophilic services’ within ecosystem services. These comprise: conditions and processes; 
direct or indirect benefits; implicit or explicit benefits; quantitative or qualitative benefits; and 
intentional interventions in the built environment. They are defined and described in Table 
6-2. 
Dissertation: Omniya el-Baghdadi 
Chapter 6: Biophilic services and decision model 143 
Table 6-2: Characteristics of biophilic services, within ecosystem services 
Characteristic Definition Examples 
Conditions and 
processes 
As defined for ecosystem services 
(Table 2-4), the spectrum of biophilic 
services could be considered within 
four categories of conditions or 
processes that yield benefits, 
including provisioning, regulating, 
cultural and supporting. 
Provisioning: such as shading, food, and 
insulation. The provisioning service of insulation 
and shading was identified in Singapore as 
services that yield energy savings (Table 4-9)  
Regulating: such as air and water regulation. 
The regulating service of water in terms of 
stormwater management was identified in 
Portland, Chicago and Toronto to assist with 
CSO (Table 4-3, 4-4, 4-6) 
Cultural: such as aesthetic value and recreation. 
The cultural service in terms of recreation was 
identified in Berlin. (Table 4-7) 
Supporting: such as urban revitalisation. The 
supporting service in terms of economic 
development was identified in Singapore (Table 
4-9). 
Direct or indirect  
As discussed for ecosystem services 
(Table 2-5 & Table 2-7), the services 
from biophilic elements often yield 
direct and/or indirect benefits to 
humans and/or the environment.  
Direct: Connection of particulate capture to 
stormwater quality 
Indirect: Connection of particulate capture to 
public health benefits 
Implicit or explicit 
The biophilic service may be openly 
acknowledged and incorporated into 
the business case by the user/s (i.e. 
explicit), or may be an inherent/ 
assumed/ given part of the business 
case (i.e. implicit), which may not 
even be documented or formally 
acknowledged.  
Explicit: Recognised understanding of services. 
Portland explicitly recognised the stormwater 
management service of green streets. 
Implicit: Implied understanding of services. 
Berlin implicitly understood the social value of 
urban greening. 
Quantitative or 
qualitative  
Services offered by biophilic elements 
may be attributed to monetary 
contributions (i.e. quantitative) or 
yield social and environmental 
benefits that may be difficult to be 
measure (i.e. qualitative). 
Quantitative: Monetary valuation of services. 
Toronto quantified the stormwater runoff cost 
savings from green roofs. 
Qualitative: Nonmonetary valuation of services. 
Singapore identified the reduction in UHI from 
green roofs and green walls 
 
Table 6-2 highlights characteristics of biophilic services which distinguish the use of urban 
nature throughout the city from being ad hoc to being intentional. This begins to set the 
context for understanding the business case for biophilic urbanism. With the characteristics 
identified and discussed above, the definition of biophilic services is proposed: 
Biophilic services are defined as intentional interventions in the built 
environment, providing conditions and processes through which one or more 
biophilic elements yield direct or indirect, implicit or explicit, quantitative or 
qualitative benefits.  
The abovementioned discussions and definition point to the variety within services, yielding 
a different business case in each local context. This explains the difficulty in replicating 
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biophilic elements across various contexts. For example, the Toronto case study analysis 
identified that decision-makers observed the following characteristics: quantitative analysis 
of stormwater runoff cost savings, direct link to value and explicit understanding of the 
regulating services of green roofs. This was not necessarily the same for the other case 
studies. Analysis of the Berlin case study highlighted that cultural services offered by urban 
nature did not need to be quantified and explicitly presented in a business case. Rather an 
implicit understanding of the aesthetic and recreational value in the built environment 
became the fundamental characteristics for the business case in Berlin.   
As discussed previously, the largely intuitive approach to valuing biophilic services has made 
implementation ad hoc and arbitrary. Through uncovering the characteristics of biophilic 
services (i.e. Table 6-2), barriers to their use can be addressed in any given situation. This 
begins to address a significant gap by facilitating the articulation of the value of a biophilic 
element to economically justify their need or use. Augmenting a business case with tailored 
evaluated characteristics of the desired biophilic service could potentially address cost and 
information barriers for each unique context. This is discussed in the following section, 
where a conceptual flow model of decision-making is assembled that incorporates biophilic 
urbanism.  
6.1 Business case logic for recognising biophilic services 
Informed by institutional and transitional theories, Reeve’s theoretical framework was 
employed to uncover the city-wide mainstreaming factors of biophilic elements.506  Within 
this broader context, the scope of this dissertation explored the decision process of 
economic enquiry through the lens of ecosystem service, and in particular the urban context.  
As discussed in Chapter 2, the Ecosystem Service Approach is a holistic management 
strategy for the integrated administration of land, water and living resources that promotes 
conservation and sustainable use in an equitable way, based on scientific evaluation of the 
essential functions, processes and interactions of organisms in their environment.507 An 
essential component of this approach is that it recognises that humans are an integral 
component of ecosystems rather than being extrinsic to environmental systems. This creates 
more informed and effective decisions for the economy and environment alike.  
This interaction is crucial to inform decisions, and has been discussed extensively with 
models developed for conservation and land use planning. Chapter 2 discussed the 
foundational work laid by de Groot et al in 2002 which presented a conceptual framework 
and typology for describing, classifying and valuing ecosystem functions, goods and services 
in a clear and effective manner. In Chapter 4 and Chapter 5, the ecosystem services theory 
along with the prominent models, which have emerged from it were explored using the five 
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case studies. Specifically, the exploration focused on the conceptual model linking 
ecosystem services to human wellbeing by Haines-Young et al (Figure 2-8), the ecosystem 
services framework by de Groot et al (Figure 2-9) and the decision flow diagram by Apitz 
(Figure 2-10).  
Figure 6-1 was developed to provide a starting point for building the business case for 
biophilic services, demonstrating the spectrum of analysis that determines what decision 
model is most appropriate. Depending on context and hence position on the spectrum of 
analysis, will determine the appropriate ecosystem decision model. The far left of the 
spectrum provides a perspective for demonstrating the viability of restoring natural habitat in 
natural environments. Moving along the spectrum, the context changes to protecting existing 
habitat to going beyond and enhancing rural environments. The far right end of the spectrum 
offers urban perspective, which is the focus of this dissertation: i.e. intentionally introducing 
natural elements to a built environment.  
 
 
 
 
 
 
Figure 6-1:  Spectrum of economic analysis for valuing ecosystem services 
It is noted that in considering the introduction of such elements, the business case will need 
to address future maintenance of these elements. It may also involve planning for future 
enhancements and increased presence of such elements in the built environment. In this 
way the business case for biophilic services does interact with aspects of economic theory 
along the spectrum of Figure 6-1. 
Considering the variety of intentional interventions, the case studies in Chapter 4 and 
Chapter 5, highlight a variety of biophysical, social, economic, institutional and political 
circumstances. A set of factors emerged from the thesis investigation, which influence the 
consideration – and ultimately the uptake – of biophilic elements. The push factor as well as 
the pull factors for each instance may differ; but commonalities underpin the underlying 
philosophy to the method of enquiry or decision flow.  
Real-world decisions often involve an overwhelming amount of detail, much of which are not 
necessary for a particular problem or decision. A model presents a simplified abstraction of 
Intentional 
intervention 
(urban) 
Planning and 
Management 
(natural) 
 
Restore  Protect              Enhance      Maintain          Introduce 
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reality, allowing the decision maker to fixate on the relevant variables in order to yield 
desired results.508 The goal of model representation is to adequately portray realistic 
phenomena. They also provide a mechanism to explore various alternatives to ensure 
optimum results. This is done by subjecting it to changing set of assumptions by 
manipulating the model’s variables and observing the results. In his book, “Operations 
Management”, William J. Stevenson lists nine benefits:509  
1. Models generally are easy to use and less expensive than dealing with the actual 
situation.  
2. Models require users to organize and sometimes quantify information and, in the process, 
often indicate areas where additional information is needed.  
3. Models provide a systematic approach to problem solving.  
4. Models increase understanding of the problem.  
5. Models enable managers to analyze "what if" questions.  
6. Models require users to be very specific about objectives.  
7. Models serve as a consistent tool for evaluation.  
8. Models enable users to bring the power of mathematics to bear on a problem.  
9. Models provide a standardized format for analysing a problem. 
For this reason, a model describing the economic decision-making pathway for biophilic 
urbanism is important because it outlines the process through which biophilic elements are 
selected and adopted, presenting the various stages to final decision. It can also highlight 
the interplay of different characteristics of biophilic services, which allows case-specific 
tailoring of economic analysis of elements. A model can also be used to make decisions, 
and also to determine expectations, allowing for a more targeted and intentional business 
case development.  
With this in mind, Figure 6-2 and the following paragraphs describe a ‘Biophilic Decision 
Model’, which caters for the intentional introduction of biophilic elements: an anthropocentric, 
ecosystem-focused framework describing the urban and human costs, and benefit 
opportunities of biophilic urbanism. It has the potential to present a holistic approach 
providing connections between externalities to services offered by biophilic elements. More 
specifically, it can be used to define links between urban related challenges and 
ecosystems, and ecosystems and the services that in turn mitigate and sustain those and 
other externalities; which are all then used to evaluate, justify or optimise decisions. This 
Model operates as a ‘responsive’ mechanism to an explicit or implicit challenge to introduce, 
maintain or enhance biophilic urbanism.  
  
Dissertation: Omniya el-Baghdadi 
Chapter 6: Biophilic services and decision model 147 
 
Figure 6-2: A Biophilic Decision Model underlying logic informing decision making for biophilic urbanism 
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Tracking through the model, the process commences with a disturbance or pressure 
initiating the model flow, which could be extrinsic or intrinsic. This sets the outline for the 
following component, the ‘Decision Context’. The context of value (i.e. what value elements 
are deemed significant) will determine the questions to be asked and the scope and scale of 
interrogation. The analysis of the state of biophysical urban status then sets the parameters 
for challenges or externalities to be addresses. This is followed with a set of proposed 
solutions i.e. the selection of a biophilic element(s). These explored explicitly or implicitly for 
their functionality and the services they offer through the lens of the Decision Context. This is 
followed with an evaluation such as cost effectiveness analysis, performance analysis, 
stakeholder consultation, which informs an implicit or explicit trade-off evaluation that 
ultimately forms the decision. The ‘Valuation’ together with the ‘Assessment’ components 
are influenced to various degrees by external factors such as political or societal demands.  
As the term ‘flow’ suggests, components of the Biophilic Decision Model overlap and inform 
one another. For discussion purposes in the remainder of this chapter, the components are 
discussed separately. For each of the components (Pressure, Context, Scenarios, 
Assessment and Valuation), the sections discuss links between each components and 
theory, how the component is to be used/ read/ followed, and examples from practice to 
show how the model can be used. 
Although different cities have emphasised different steps, or levels, of the model; Figure 6-2 
illustrates the logic that forms the basis for decisions regarding the introduction of biophilic 
elements. Each of the cities explored in this dissertation followed this processes to some 
extent, though in some cases, elements within the model components are suggested based 
on the literature (i.e. Biophysical Urban Structure and Processes) or assumed rather than 
explicitly addressed (i.e. Function); this is discussed in Section 6.3.2 and Section 6.4.1, 
respectively. The model emphasises the need for an explicit discussion of the decision 
context, assessment and valuation. Flowing from one component to the other often overlaps 
and/or is iterative; this will be discussed in detail in Sections 5.4-5.6. 
6.2 Considering pressures in urban economies 
In the Biophilic Decision Model (Figure 6-2), ‘Pressures’ are identified as the stressors or 
contributions that may result from scenarios considered for the environmental plan. These 
pressures, for instance, determine what each proposed solution or scenario impacts are on 
habitat, chemical emissions, invasive species, resource use etc. Intentional intervention in 
the built environment calls for an alternative perspective to the decision making process. The 
case studies demonstrated that Pressures within the urban economy prompted the initial 
consideration into biophilic urbanism i.e. placing it on the agenda. These pressures identified 
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from the case studies and interviews were referred to as Push Factors in Chapter 4 and with 
the use of Thematic Analysis were categorised into meaningful Pressure categories. These 
categories explain the context which prompted initial exploration. Hence Pressure in the 
Biophilic Decision Component refers to the extrinsic (problem-led driver) or intrinsic (positive 
contributory driver) disruptions to the status quo prompting the initial enquiry into Biophilic 
Urbanism. Implications for this component, along with examples from the case studies, are 
discussed in Table 6-3. 
Table 6-3: Summary of pressures identified in the five case studies  
Cities Biophilic element Push Factor(s) Pressure 
Portland Green street Stormwater management Extrinsic 
Chicago Urban Park Revitalisation Intrinsic 
Toronto Green roofs Stormwater management  Urban Heat Island Extrinsic 
Berlin 
Green roofs 
Green walls 
Community gardens 
Political 
Community support Intrinsic  
Singapore 
Green roofs 
Green walls 
Street trees 
Park connectors 
Revitalisation 
Environmental factors 
Congestion 
Extrinsic  
 
6.2.1 Extrinsic pressures 
One element of extrinsic pressure in the urban economy, refers to a prominent disruption in 
the functionality of the urban economy. This extrinsic pressure in the built environment 
creates the conditions to explore feasible options. This creates the first trigger for initiating 
the decision flow. This becomes the first lens through which the decision making process is 
explored. 
For instance, Portland, Toronto and Singapore identified negative externality pressures in 
their respective cities. Portland was presented with the rising cost and issues of stormwater 
runoff, prompting an exploration into cost-effective solutions. Government committees were 
then formed to explore options. This element within the Pressure Component shapes the 
next Component, the decision context of the government committee. Similarly, Toronto 
identified the rising costs of Urban Heat Island effect and stormwater runoff creating an 
obvious need for a solution. Singapore experienced a slightly different version of this 
disruption. The split from Malaysia prompted government to rethink Singapore’s economic 
strategy and position on the global map.  
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6.2.2 Intrinsic pressures 
Intrinsic pressure refers to enhancing existing conditions within the urban economy. This 
creates opportunities to contribute and improve conditions or avoid future risks if no action 
was taken. This Pressure category is often presented through community or political 
demand, instigated through a Champion or simply through inherent understanding of the 
potential in enhancing current conditions.  
For instance, neighbourhood revitalisation in Chicago presented itself an opportunity to 
enhance existing conditions; which as discussed in Chapter 4 invigorated the precinct, 
providing tangible economic, social and environmental benefits. On a slightly different 
tangent, Berlin’s prominent history of urban greening cultivated a culture that appreciates 
and demands urban vegetation. For this reason, this intrinsic pressure to go beyond the 
status quo presented itself as a Pressure instigating exploration into creative solutions to 
meet society demands.  
6.3 Considering the decision context 
How the pressure is processed depends markedly on the context of value and biophysical 
urban structure within which the pressure is experienced. The ‘decision context’ creates a 
foundation from which to explore potential scenarios to mitigate the pressure identified, 
framing expectations for the subsequent components of the model. 
The Ecosystem Services model by Aptiz describes the decision context as the statutory, 
regulatory and socio-economic drivers that influence choices and decisions. These decision 
makers described can be private entities such as companies, stakeholder groups and 
nongovernmental organisations. Apitz explains that the evaluation of the decision context is 
crucial in informing the role services will play in decisions, as well as valuation techniques or 
methods selected. Revisiting the literature (Section 2.2), a definition provided by Alfred 
Marshall in 1890 describes economics as the: 
‘…study of mankind in the ordinary business of life; it examines that part of the 
individual and social action which is most closely connected with the attainment and 
with the use of material requisites of well-being. Thus it is on the one side a study of 
wealth; and on the other, and more important side, a part of the study of man.’ 
Drawing from this definition, it becomes clear that there is a need to understand human 
motivations within an evolving environment and the choices they make in the face of these 
changes. Understanding what choices will be made in the face of changes or pressures in 
the urban economy can be identified through value. It is for this reason that this component 
is significant. Coupling the logic of Apitz (drivers that influence decisions) with the definition 
provided by Alfred Marshall, the elements of this component must include: ‘Value’ and 
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‘Biophysical Urban Structure’. This is because defining what constitutes value is context 
dependent and significant in informing the flow of the decision process. Additionally, 
awareness and understanding of the urban economy dictates what drivers and other 
challenges could influence the following components. These are discussed in more detail 
below. 
6.3.1 Context of value 
As it is recognised, biophilic urbanism and sustainable related decisions are generally value-
driven concepts which are strongly influenced by human perceptions. As discussed in 
Chapter 2 (section 2.2), the field of neoclassical economics progressed from the 
individualistic element of exchange and was soon coupled with understanding human 
behaviour. Economists such as William Stanley Jevons and Alfred Marshall recognised the 
need to couple psychology with economic understanding. This recognised utility or value as 
significant to understanding how choices are made and welfare judgment considered. For 
this reason, understanding the Context of Value is important to determine these motivations 
as well as welfare judgment i.e. ‘wealth’ and ‘wellbeing’. More specifically, the Context of 
Value refers to identifying the expectations by distilling the value component (social, 
economic or environmental) as well as the economic paradigm (i.e. quantitative or 
qualitative). This is discussed below, by providing examples from the case studies. 
Some of the cities explored demonstrated the need to assess a market value of biophilic 
elements. As discussed in Chapter 2, Market value refers to the need to capture the 
monetary value of a biophilic element to present the cost-effectiveness for city 
implementation. This context of value sets the tone for the rest of the flow for assessing 
biophilic capital. This is often informed by the pressure, however also equally informed by 
the decision maker’s view of value. This monetary context of value was particularly seen in 
Portland and Toronto. These cities revealed the compelling need to present cost-
effectiveness in order to proceed. This required the valuation of green streets and green 
roofs respectively to determine cost feasibility to counteract urban related externalities such 
as stormwater management and urban heat island effect. 
On the other hand, a different Context of Value presented itself. What was initially 
ambiguous and particularly contributed to the ad hoc implementation nature of biophilic 
urbanism is now understood that some cities did not require the quantification of a biophilic 
element due to the context of value. What has become clear is the interesting role of 
perceived value510 in some of the cities explored. This attitude of perceived value meant that 
quantitative value was not necessary due to this understood or expected value of nature in 
the built environment. This was reiterated in some interviews when participants were asked 
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to comment on compelling elements of the business case to which they explained this 
inherent understanding of urban vegetation. Singapore, Chicago and Berlin demonstrated 
traits of perceived value where monetary quantification was deemed unnecessary.  
6.3.2 Context of biophysical urban structure  
The pressures identified in the previous section prompts an exploration into the current 
conditions providing foundational context of the situation at hand. Looking at the ‘biophysical’ 
conditions in the urban environment together with the value lens begins to determine which 
services will be explored in the subsequent component. 
More broadly, ‘Decision Context’ could be enhanced to incorporate the theory of Urban 
Metabolism. The concept of metabolism has influenced the development of theories about 
economic development, particularly concerned with the relationship between economic 
growth and urbanization resource depletion and environmental damage.511 Like living 
organisms, cities require energy, water, nutrients and effective disposal of by-products and 
waste to maintain optimum urban health functionality. This notion of ‘urban metabolism’ is a 
model for systematically looking at the resources that flow into cities and the wastes and 
emissions that flow out from them. These economic, social, or environmental ‘resources’ 
help assess the state of the urban environment and to highlight opportunities for efficiencies, 
improvement and transformation. This in turn informs which biophilic element(s) and 
respective functions and services are to be explored. The concept of urban metabolism 
inspires new ways of thinking about how cities can be made sustainable. Currently, the cities 
have not employed this concept to determine the city urban ‘health’ and to link these ‘health’ 
deficits with the appropriate biophilic service - a very prominent area for further research. 
Adapting the term ‘Biophysical structure and Process’ from the ecosystem models (Section 
2.4.2) to the built environment, metaphorically views the built environment as a living 
ecosystem. Within this, it calls for scaling and scoping the decision by scanning and 
presenting the ‘what’s so’ of the urban economy. This is because management of the 
Pressure at a site-specific scale will determine which biophilic services are needed. Hence 
determining the biophysical parameters will influence the decision of the following 
component i.e. selecting the biophilic element(s).  
6.4 Considering biophilic service selection 
Once a decision context has been defined, then scenarios, policies or actions are laid out to 
provide proposed solution(s). Presenting Biophilic Element(s) and selecting most appropriate 
option(s) links Pressure and Decision Context flows to the Service Selection Component. 
This means particular element/elements will be selected through proposed program(s) or 
policy based on the services offered. This spills over to the following component – Selection. 
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The proposal of scenarios, policies or actions and the Selection component are not always 
clearly isolated and often are iterative and inform one another (as shown by light arrow on 
the left in Figure 6-3). A proposed scenario (i.e. biophilic element), for instance, is assessed 
against respective functions and services. These scenarios could be fine-tuned, explored 
further or changed to ensure services meet Pressure and Context demands. 
 
 
.  
 
 
 
 
 
 
Figure 6-3: Iterative process between options and assessment 
Other times the transition can be relatively linear with the proposed biophilic element(s) 
clearly followed with selection of functions and services (as shown by the dark arrow on the 
right on Figure 6-3). Either way, depending on the context and biophilic element being 
proposed, selection will be designed to evaluate and/or quantify specific services and ways 
they can mitigate, improve or enhance the identified pressure.  
6.4.1 Identifying function  
Pressure and Context frame the lens through which the following components are looked 
through; this informs which biophilic functions are interrogated to yield the most appropriate 
services. This Function element within this cascade refers to the ecosystem functions that in 
turn provide services. Chapter 2 discussed the literature on Function. One of the most cited 
papers in the field is the list by de Groot et al512 which presented a list of ecosystem 
functions that they linked to goods and services. This was further popularised by the 
Millennium Assessment in 2005. Table 6-4 summarises the Functions from Chapter 2. 
Ultimately the selection of Functions to be considered depends on the Pressure at hand 
along with the Context and proposed options; which will inform Biophilic Service provision. 
Hence Functions is the link between context and Biophilic Services, as understanding the 
functionality of the biophilic element will shed light on the services on offer.  
Exploring services and 
functions 
Proposed scenario, policy or action to incorporate 
biophilic element(s) 
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Table 6-4: Summary of ecosystem functions provided by biophilic elements 
de Groot et al Millennium Assessment Description 
Regulation Regulating Regulation of ecosystem processes 
Habitat Supporting Supporting for the production of all other ecosystem services 
Production Provisioning Produce products from ecosystems 
Information Cultural  Spiritual, cognitive development, recreation aesthetic 
 
For the Biophilic context, the Function element within the Select Service component can also 
be viewed as ‘categories of services’ namely, regulating, supporting, provisioning and 
cultural. This Function element is informed from the literature and was not seen in the case 
studies. An assumption is made that implicit use of this reasoning was used to inform the 
subsequent element, biophilic service(s) selection. 
6.4.2 Identifying biophilic service 
As discussed in Section 6.1, ‘Biophilic Services’ refer to the conditions and processes 
through which biophilic elements provide direct or indirect benefits to people through 
intentional natural design elements in the built environment. These services provide benefits 
and address pressures within a decision relevant context. They can be monetary or non-
monetary. The previous components inform the characteristics (see Table 6-2) of any given 
service. The whole suite of services were identified and discussed in Chapters 1 and 2. 
Chapter 2 presented a table (see Table 6-5 and Table 6-6) of the list of biophilic elements 
and their respective services. With this understanding, the roles of these services were 
explored in the five case studies along with the two-rounds of interviews. It is clear that 
biophilic services are instrumental in the business case for biophilic urbanism. These 
services address the Pressure making it compelling to progress to the following components, 
Valuation or at times to immediate Decision.  
For instance, the community as well as the Political Pressure in Berlin created a qualitative 
context of value for the City. Scanning the existing urban economy to determine 
opportunities and challenges prompted the proposal of potential biophilic elements. In this 
instance, an implicit selection of the Cultural/ information Functions were selected for this 
decision making process as the services yielded (for example recreation and aesthetic 
value) meet Pressure demands. 
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Table 6-5: Direct Biophilic Services 
Biophilic 
element 
Reduce 
absenteeism 
Increase 
productivity 
Alleviate 
UHI 
effect 
Water cycle 
management 
Reduce 
building 
energy 
demand 
Increase 
food 
security 
Roof 
longevity 
Infrastructure 
longevity 
Increase 
property 
value 
Tourism 
Catalyse 
economic 
development 
Indoor plants            
Green roof            
Green wall            
Landscaping 
around 
building 
           
Street 
integrated 
trees and 
vegetation 
           
Shade trees            
Linear green 
space            
Pocket parks 
and green 
space 
           
City parks            
City farms 
and urban 
agriculture 
           
Urban 
waterways            
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 Table 6-6: Indirect Biophilic Services 
Biophilic 
element 
Reduce 
absenteeism 
Increase 
productivity 
Reduce 
traffic 
incidences 
Reduce 
healthcare 
cost 
Reduce 
stay in 
hospitals 
Reduce 
building 
energy 
demand 
Reduce 
medication 
intake 
Increase 
sales Employment 
Increase 
sales tax Tourism 
Indoor 
plants            
Green roof            
Green wall            
Landscapi
ng around 
building 
           
Street 
integrated 
trees and 
vegetation 
           
Shade 
trees            
Linear 
green 
space 
           
Pocket 
parks and 
green 
space 
           
City parks            
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6.5 Considering biophilic service valuation 
According to Apitz, the selection of valuation method or technique is based on 
perspective and whether they are top down (starting with high-level, often qualitative 
estimates of Services) or bottom-up (deriving semi-qualitative or quantitative 
estimates of Services from the evaluation of modelling of supporting processes) and 
what type of assessment approach is carried out. The previous components 
described above play a role in informing the method of valuation. We notice this 
when coupling identified Pressure with the context of value which informs the 
Valuation method or technique selected. A review of valuation techniques was 
presented in Chapter 2 and is summarised in Table 6-7. 
Table 6-7: Summary of Economic and non-economic valuation techniques 
Economic techniques Non-economic techniques 
Market price approaches Consultative methods 
Market cost approaches Questionnaires 
Damage cost approaches In-depth interviews 
Production function approaches 
Deliberative and participatory 
approaches 
Revealed preference methods Focus groups, in-depth groups 
Travel cost method Citizen juries 
Hedonic pricing method Health-based valuation approaches 
States preference methods Q-methodology 
Choice modelling Delphi surveys 
Contingent valuation Participatory action research 
Participatory approaches to valuation Methods for reviewing information 
Deliberative valuation Systematic reviews 
Mediated modelling  
Benefits transfer  
The Valuation Component should only be as complex as they need to be, based on 
the Pressure and context of the decision. In some cases, a more broadly scoped but 
more qualitative assessment may be more relevant than a highly quantitative one 
that focuses on specifying the fiscal returns. The case studies demonstrated that 
valuation took on various forms, some of which are summarised below. 
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6.5.1 Targeted cost-benefit analysis 
A full cost benefit analysis was deemed difficult, costly and time consuming; for this 
reason a targeted CBA was preferred. For instance, the exploration conducted in 
Toronto encountered two issues. Firstly the cost to the city to implement a policy as 
opposed to the cost of the owner setting up the green roof made it difficult to present 
an accurate CBA. Also, time constraints along with quantifying the benefits across 
the city when cost accrued to the individual level made a full CBA too difficult. For 
this reason, analysis within reasonable capacity to address fundamental and urgent 
concerns sufficed. This was coupled with demonstrating the effectiveness of city-
wide implementation as opposed to individual level analysis. As with the case with 
most biophilic elements, real returns on cost are appreciated when looked at from a 
city-wide scope. 
6.5.2 Cost effectiveness analysis 
Portraying feasibility in terms of cost-effectiveness was conducted through 
demonstration projects. For instance, Portland explored the cost effectiveness of 
green infrastructure as opposed to grey infrastructure. Narrow objectives called for a 
specific scope for exploration – cost effectiveness of green streets in managing 
stormwater runoff.  
6.5.3 Performance analysis 
 Looking at the implementation of ‘City in a Garden’ initiative in Singapore 
showcases the method of enquiry adopted – performance analysis. Exploring the 
functionality of the technology (i.e. green walls and green roofs) was used to 
determine environmental benefits. Quantification per se was unnecessary since as 
discussed previously, perceived value is the context of value in Singapore. This 
exploration into skyrise greenery feasibility made social, environmental and cultural 
factors more compelling for the business case and hence informed the valuation 
technique. 
6.5.4 Stakeholder consultation 
On the far end of the spectrum appears to be prominent lack of economic and 
performance analysis, rather stakeholder consultation was the method of ‘valuation’. 
Conversations with an interview participant from Berlin explained the rigorous 
process of consultation through which environmental programs go. This she 
explains is what informs value and feasibility of projects, rather than economic 
quantification. Singapore’s first plan, Garden City, stems from perceived value by 
former Prime Minister LKY who envisioned a developed city that attracts foreign 
investments. Communications with interview participants explained this meant 
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economic validation was not necessary. However consultations with relevant 
departments were conducted to ensure appropriate allocation of funds. Chicago 
followed a very similar path with their first urban greening programs dating as far 
back as 1989. With funding flexibility (CommEd), stakeholder engagement was 
conducted to determine feasibility and effectiveness, not necessarily cost 
justification.  
Once the benefit valuation of biophilic service is complete a decision is made. 
Whether explicitly addressed or not, all management decisions and policy choices 
result in a decision flow. The biophilic decision making flow provides a thread by 
which pressures are identified and addressed as effectively as possible. The 
principles within this model allow for informed decision with a holistic ecological or 
socio-economic perspective.  
6.6 Hypothetical example of using the model 
This section provides a hypothetical example of how the Biophilic Decision model 
might be used and implemented as a decision making tool. Each step of the model 
is considered in turn with regard to potential users and scale of decision in the built 
environment. The Biophilic Decision Model is intended to be user-inspired and user-
useful as it assists in strategic development and implementation of biophilic 
urbanism. The model is adaptive and can be tailored to suit the needs of the 
decision-maker concerned. By following the stages, projects proposing a biophilic 
element(s) can empower stakeholders to implement effective solutions that will 
achieve solutions that walk towards biophilic urbanism. 
The first phase of the tool is identifying Pressures. Identifying Pressures comprises 
the preparatory role of presenting the foundational need for a biophilic element. 
More specifically, identifying the Pressure demonstrates the need to address a 
social, environmental or economic issue. Examples of Pressure identified in the 
Biophilic Decision tool can refer to a school recognising the need to enhance 
education (social benefit) for their students, as well as reduce energy consumption 
(economic benefit). Another example of a Pressure identified could refer to social 
and economic pressure for a community centre. For instance, the YMCA centre in 
downtown Toronto identified the potential in transforming its abandoned grey roof 
into a space for community members to escape the urban environment and connect 
with nature. This increased membership sales, educational opportunities such as 
school field trips as well as health benefits in terms of utilising the space to teach 
yoga classes and such. A final example of a Pressure identified could relate to a 
larger scale such as a city. A local council could identify environmental as well 
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economic costs due to negative externalities. For instance, stormwater runoff could 
cost a city in terms of sewage overflow. This Pressure creates the need to identify 
appropriate biophilic element(s) to internalise and address this externality.  
Once the Pressure has been identified, the user of the Biophilic Decision Making 
tool will assess what other areas may require attention. Additionally, the context of 
value will be identified. For instance, the school may determine the context of value 
as social, meaning no quantification is necessary. Alternatively, the YMCA 
community centre may identify the context of value as economic and thus require a 
cost/benefit analysis to validate the green roof proposal. Finally, a City Council may 
identify other externalities in a city, such as increase urban heat island effect. 
Additionally, the user of the tool may identify the context of value to be social and 
economic. Therefore, the business case will follow suit. This begins to frame the 
business case for the user of the tool to propose a biophilic element(s).  
The literature explains that identifying the context of value becomes particularly 
important in tailoring a business case that speaks the language of the decision 
maker. This is because once the user of the tool reaches components 4 (Selecting 
biophilic service) and 5 (Valuation), the user can select the service that address the 
initial Pressure and also services and correspondent valuation method that go hand 
in hand with the Decision Context. For instance the school may explore which 
biophilic element address the education aspect. Acknowledging that the decision 
context is social in nature, the user of the tool will find an economic valuation 
unnecessary. Rather reference to the supplementary direct or indirect biophilic 
service table serves as a guide to assist the user to select the appropriate biophilic 
element. This allows the user to reach a decision, thus concluding the Biophilic 
Decision Making tool.  
The community centre on the other hand will select the services offered by the 
green roof which address the identified Pressure. A valuation technique will then be 
selected to assess these services to determine the validity of the proposal. The user 
can then make an informed decision as to whether a green roof can is appropriate 
or not. In terms of a City Council, the Biophilic Service Decision making table can be 
used to identify appropriate biophilic element in terms of the services it offers. This 
will in turn be assessed for economic and environmental performance. The user will 
thus conduct a demonstration project to generate data to support the final decision.  
The Biophilic Decision Making tool can be as complicated or as simple as the user 
chooses. It is intended to serve as a guide to assist in appropriately selecting a 
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biophilic element. It also provides the framework for proposing a business case for 
biophilic element(s) i.e. pre-feasibility and strategic planning.  
6.7 Conclusion 
In this chapter the theory of Ecosystem Services was applied to the urban context, 
and a Biophilic Decision Model was presented for biophilic urbanism as a way to 
inform decisions to couple challenges, expectations or pressures with solutions. 
Using the findings of the previous chapters and building on the Ecosystem Service 
models, the Biophilic Decision Model presents an underlying decision making logic 
to undertake economic analysis of potential biophilic solutions. The Decision Model 
highlights the overlapping and iterative nature of the decision process, where model 
flow allows for a snowballing progression.  
In conclusion, this Biophilic Decision Model presents an insight into developing the 
business case of biophilic urbanism informed by relevant theory and five case 
studies. In doing so it presents an opportunity to mainstream the concept of Biophilic 
Services to address urban externalities. Expanding the ecosystem service approach 
and model to integrate the process of quantifying biophilic elements has significant 
implications for expanding the field of Ecosystem Services in informing decisions for 
integrating nature in the built environment. The propositional knowledge is 
discussed further in Chapter 7, together with implications arising from the Decision 
Model for practice and theory.  
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7 Conclusions and Recommendations for Further Research 
This dissertation explored the process of economic enquiry by which the business 
case for biophilic urbanism is investigated. In this chapter the overall conclusions 
are presented, including a discussion of the interpretive findings and subsequent 
requirements for broad application and analysis. The chapter begins with a brief 
summary of the research which included literature review, case studies and semi-
structured interviews. This is followed by a series of propositions. This propositional 
knowledge is then used to discuss implications of the research to practice as well as 
its implications theory, specifically the Ecosystem Services concept. The chapter 
concludes with future research opportunities to further develop the Biophilic 
Decision model. 
7.1 Summary of Research 
The dissertation comprised a three-year enquiry into economic theory, to inform the 
process of considering the inclusion of biophilic elements in cities. The research is 
situated between the fields of biophilic urbanism and economics; essential theories 
from each field of literature were highlighted and discussed in Chapters 1 and 2. 
The following research questions were posed, which were subsequently addressed 
through the contextual and integrative review, case study research and semi-
structured interviews. This is summarised below: 
1. What is biophilic urbanism and biophilic elements? 
Chapter 1 provided an in depth review of the literature on green infrastructure and 
related terminologies. This highlighted the array of terminologies used to describe 
urban nature, one of which is biophilic urbanism. Biophilic urbanism, or nature loving 
cities, was discussed in terms of application in the built environment. The review 
highlighted that these natural design elements or biophilic elements are categorised 
into three functional scales: city, street and building. This also identified that 
between these scales, benefits or services provided are somewhat differentiated.  
2. How does economics measure biophilic urbanism? 
Chapters 1 also identified the ad hoc and predominately champion based 
implementation of biophilic elements in the built environment. The economic 
business case for biophilic urbanism is still unknown. In order to proceed with this 
interrogation, an extensive review of the field of economics was presented in 
Chapter 2. Together with Chapter 1, this identified the theoretical framework with 
which this dissertation was explored (Chapter 3). The exchange value theory, 
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externality analysis and ecosystem services theories were identified as the 
theoretical lens with which this dissertation was interrogated.  
3. How is biophilic urbanism implemented in Portland, Chicago Toronto, Berlin and 
Singapore? 
Given the identified gap in knowledge, five global cities with successful 
implementation of a biophilic element were explored to collectively help identify 
economic trends to inform incorporate biophilic urbanism across various contexts. 
These case studies served as a database with a wealth of information to facilitate 
the analysis and development stages of this thesis (Appendix A). To ensure 
consistency and rigour, a set of questions were posed to each city to begin to 
identify emerging patterns across the cities. These cities do not represent all 
climatic, geographic, political, demographic or economic conditions around the 
world. However, they do provide insights into transitioning from the ad hoc use of 
biophilic elements, to an intentional and strategic use of urban nature.  
4. How do exchange value, externality analysis and ecosystem services 
economically measure biophilic urbanism? 
What emerged from the case study analysis using the theoretical framework 
(Chapter 4) was the series of ‘push’ and ‘pull’ factors influencing the uptake of 
biophilic urbanism. These factors appeared to be playing an instrumental role in the 
business case for biophilic urbanism. It was concluded from the case study analysis 
that ecosystem services play a prominent role in informing the business case for 
biophilic urbanism. The theory of Ecosystem Services is an emerging field which 
gained popularity in 2005 with the publication by the Millennium Assessment. The 
general consensus in the field identifies that this theory has yet to be used to inform 
decisions. However this predominately refers to nature conservation efforts in terms 
of land use planning and the likes. This was discussed with interview participants in 
the second round of interview to gain a better understanding of the role of 
ecosystem services in biophilic urbanism. Interview findings highlighted an implicit or 
explicit use of ecosystem knowledge in decision making. This provided insights into 
economically measuring and presenting the business case for biophilic urbanism. 
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5. What economic factors are common in these five cities that will inform urban 
design? 
An extension to the theory of ecosystem services, biophilic services, was presented 
and defined in this research (Chapter 6). These biophilic services were discovered 
to play an influential role in informing biophilic-related decisions.  
The research findings also pointed to the underlying logic that appears to be 
informing biophilic urbanism. The existing Ecosystem Services model for decision 
making was adapted to provide a decision making flow for biophilic urbanism 
(Chapter 6). Not only do the components of the model present the iterative, 
snowballing dynamism necessary within Biophilic-related decisions; it also 
demonstrates the significant role of each component in informing the final decision, 
which includes the ‘Pressure’, ‘Context of Value’, ‘Biophilic Services’ and ‘Valuation’.  
7.2 Propositional knowledge 
This dissertation makes a contribution to existing knowledge regarding the economic 
understanding of biophilic urbanism in two main areas, as discussed in Chapter 6. 
These include firstly presenting the term biophilic services and defining its four 
characteristics (conditions and processes; direct or indirect; implicit or explicit; 
quantitative or qualitative); secondly presenting the business case logic for 
recognising biophilic services and therefore making informed decisions to introduce 
or enhance biophilic urbanism in any given context. 
Considering these two areas, a few key statements can be made regarding this new 
definition and model in regards to biophilic urbanism. These are discussed in the 
following paragraphs.  
 
1. Biophilic urbanism as a potential mechanism to assist in achieving sustainable 
development 
A review of literature concerning the consequences of the built environment 
identified that the current design of cities, along with the increasing population 
pressures, is exacerbating the consequences of climate change (Chapter 1). This 
prompted the interrogation into biophilic urbanism as a feasible option to alter the 
current form of cities into more sustainable and liveable environments. Chapter 1 
found a wide range of ways in which urban nature can be integrated into the fabric 
of the built environment that respond to many of the challenges faced by cities 
worldwide, while providing environmental, economic and social responses. This 
confirmed the opportunity to use biophilic elements as part of a broader strategy to 
Dissertation: Omniya el-Baghdadi 
Chapter 7: Conclusions and Recommendations for Further Research 165 
synergistically contribute to the creation of urban environments that are climate 
resilient, economically effective and that offer beneficial conditions for human well-
being and health. 
2. Mainstreaming biophilic urbanism may require a holistic economic understanding  
the role of biophilic elements in the built environment  
With a whole suite of benefits offered by biophilic elements, Chapter 2 demonstrated 
that some benefits are notoriously difficult to quantify. Therefore a holistic economic 
argument, one that acknowledges the tangible and intangible benefits, becomes 
important in the biophilic urbanism context. The importance of having a holistic 
economic argument was made evident from the analysis of five different case 
studies; where some conversations encompassed a predominately quantitative 
nature, whilst others offered qualitative analysis to their economic argument. Neither 
is of less significance or importance, rather the variations point to the need to 
expand the economic conversation to capture various value types. 
Environmental and in particular social benefits are often overlooked in the neo-
classical economic conversation. The review of literature as well as the research 
findings and case study exploration point to the importance of a holistic economic 
argument where theories from neo-classical, environmental and ecological 
economics are collectively used for analysis.    
3. Biophilic elements are intentional and multifunctional features in the built 
environment 
The consideration of the role of urban nature highlighted that as opposed to simply 
being aesthetically pleasing additions to the fabric of the built environment, biophilic 
elements are strategically and intentional embedded as an integral component of 
urban development. The review highlighted the importance in implementing biophilic 
elements effectively such that externalities are addressed, making them purposeful 
design features. 
The research also observed from the literature review and across the five case 
studies the significance in the multi-functionality of biophilic elements such that their 
use offers strategic solutions to achieve multiple outcomes. Appreciating the array of 
biophilic services’ capacity to address various agendas across government 
departments, points to the importance for cross-governmental linkages; this will be 
discussed in Section 7.3. 
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4. An impetus to formally integrate ecology into decision making is important 
It is apparent from the research findings that an impetus to formally integrate 
ecology into decision making may be needed to encourage a deviation from the ad 
hoc implementation of biophilic urbanism. It is suggested from the research findings 
that an understanding of the taxonomy of biophilic elements along with their 
corresponding service offers opportunities to facilitate its effective use in the 
decision making process. This is because this strengthens the business case by 
offering a menu of options for policy makers tailored to address the needs of the 
local context.  
The following paragraphs highlight implications of the research for government, as 
well as for other sectors of society interested in addressing urban related challenges 
with the use of biophilic elements. 
7.3 Implications for practice 
This dissertation is based on the premise that issues of sustainability, particularly in 
the urban context, is critical, and furthermore economic understanding of biophilic 
urbanism remains ad hoc and unexplored. With the future welfare of society in mind, 
the Biophilic Decision model and associated components need to be considered by 
stakeholders interested in presenting the business case for incorporating biophilic 
urbanism in their respective context. The scale of the decision making context can 
vary from large scale to small. In other words, city-wide implementation to single 
case implementation could follow the same process but individually tailor elements 
underscored in each component of the model to suit context needs.  
The research provides an indication of what incorporating biophilic urbanism could 
look like, as well as how economic understanding of biophilic elements might help 
achieve it. The research also identified that demonstrating net public good from 
investment in a biophilic element was found to be possible using a number of 
approaches that range from a value driven analysis to an externality analysis as well 
as an ecosystem services analysis. This recommended holistic approach to analysis 
captures previously neglected elements of an economic argument. This 
understanding distinguishes the application of biophilic urbanism from the ad hoc 
and variable use of biophilic elements by early movers and pioneers to intentional 
and effective features of the built environment.  
The research findings indicate that there are a number of opportunities for 
governments, as well as for other stakeholders involved in the decision making 
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process to use economics in a holistic way to strengthen the case for biophilic 
urbanism, including: 
1. Stimulate change by internalising externalities 
The research findings offer opportunities to increase the visibility and appreciation of 
the urgency of the challenges facing cities by highlighting the deficit of current 
approach to urban developments. This includes the holistic economic understanding 
discussed earlier to highlight externalities across the built environment. Identifying 
these negative externalities in the built environment provides impetus for 
recognising the systematic use of biophilic services throughout the city to help 
facilitate sustainable development. Hence the findings offer opportunities to 
stimulate change in cities by converting an implicit recognition of externalities to an 
explicit conversation.  
2. Strategic and effective communication 
Communicating findings clearly to the public and stakeholder groups may inform 
and drive an agenda for change through generating community and stakeholder 
buy-in. In comparing the current situation regarding inadequate understanding of the 
economics of biophilic urbanism, it is apparent that there is an opportunity to 
implement the business case logic for communicating the role of biophilic services to 
encourage policy and regulatory changes that formally and systematically integrate 
nature in the built environment. This presents opportunities to make effective 
decisions by addressing externalities with relevant biophilic services through the 
Biophilic Decision model to ultimately encourage mainstreaming.  
Additionally, an enhanced economic understanding of biophilic elements provides 
opportunities to present the business case in ways that are meaningful to decision 
makers. This is particularly important to help sustain biophilic policies through a 
change of governance, as some case studies identified the risk this poses in the 
longevity of such policies. 
3. Create strategic government department linkages and structures  
Not only do the findings provide opportunities to enhance communication with the 
community and relevant stakeholders, but also enhance communication across 
departments. With a holistic outlook in tackling pressures in the urban economy, 
findings suggest linking government departments’ agendas to make collective and 
efficient decisions. This is because focusing on a single service in isolation from 
other services can result in policy failure.  
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4. Consistent economic methodology 
A lack of a consistent data and reliable economic methodology has made full 
economic valuation of their projects difficult. Case study analysis highlighted the 
significance in adopting a reliable methodology that decision makers could use to 
assess projects. Findings also highlight the importance in the need for a 
methodology that instils confidence in referring to qualitative benefits as a lack of 
absolute certainty and accuracy makes is risk to confidently include them in the 
business case.  
Additionally, the findings suggest opportunities to adopt a coherent multidisciplinary 
approach to analysis in order present a more comprehensive analysis that can 
effectively achieve sustainable development. Additionally, a holistic yet consistent 
economic methodology is important in addressing the risk of economic analysis 
often cited. At times a quantitative economic analysis does not stack up, which could 
occasionally advise against sustainability deeming it ineffective.   
7.4 Implications for Theory – Ecosystem Services 
Despite the emergence of the theory of ecosystem services in research, the 
literature points to its lack of use in decision-making in conservation and land use 
planning. In exposing the business case for biophilic urbanism, this dissertation 
concludes that this did not hold true. Intentional interventions of these biophilic 
elements in the built environment were predominately based on the services offered 
to address pressing needs. This suggests an extension to the use to the theory of 
ecosystem services for the urban context. Within this context, this research 
contributes and strengthens this theoretical field and provides foundation for future 
research to explore the economic understanding of biophilic urbanism deductively 
through this theory to allow for a more focused investigation and assessment of its 
suitability. 
7.5 Recommendations for Further Research 
The study offered a definition on biophilic services as well as a model capturing the 
logic underlying the decision making flow of biophilic urbanism. This was conducted 
by exploring five international case studies and relevant interviews. As mentioned in 
Section 3.8, a direct consequence of this methodology, the study encountered a 
number of limitations. Therefore it is important to note that the findings are not 
definitive, rather offer foundational propositions to the emerging field of biophilic 
urbanism. 
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Appreciating these limitations and in considering potential application of the model 
within stakeholders, it is clear from the components and elements underscored that 
there is still further research required to drive mainstreaming the elements of 
biophilic urbanism. This is perhaps comparable to gross domestic product (GDP), 
where it has taken decades for the theory to be readily used by economies to inform 
decisions. 
In practical applications of this Biophilic Decision model, separate practitioners may 
carry out different steps of the model, with varying levels of interaction, but effective 
applications require clarity about how information is to be transferred between 
components. Biophilic-focused research may be directed toward only one or a few 
of these components, but an articulation of the elements within the component from 
which the research takes inputs and to which it might deliver outputs will help ensure 
research relevance. 
Within this context, the following four statements have been abstracted from the 
model’s components, which need to be addressed for incorporating and possibly 
even mainstreaming of biophilic urbanism to be achieved: 
1. There is a need to further explore the ‘Value’ component for biophilic-related 
decisions. 
The Value component highlighted the need to establish the Context of Value. This 
includes understanding what values impact decisions. For this reason, exploring the 
link between value, perception and decisions lends itself as an interesting potential 
research area to link psychology and environmental decision making. Areas such as 
Behavioural Economics and theories such as Behavioural Decision Theory are 
emerging concepts that link human behaviour and decisions. Therefore, extending 
this theory to the Decision Context has implications to accurately defining the 
Context of Value and therefore enhances the effectiveness of the model. Also, it is 
suggested to extend this to explore nonmonetary value components of decision 
making such as morality, cultural and ethical decisions. As discussed earlier, it is 
agreed by some that the social and environmental components of sustainable 
development should undeniably top priorities, however that is not the case in today’s 
economies. It would be of significant value to explore mechanisms to shift the 
conversation away from simply the profit driven agenda to a more holistic decision 
making process.  
2. There is a need to explore Urban Metabolism. 
Dissertation: Omniya el-Baghdadi 
References 170 
Another component with this involves exploring the link between urban metabolism 
and decision context. This presents an interesting area of exploration to link the 
theory of urban metabolism with identifying the various inefficiencies and/or 
externalities across the economy which could later be coupled with the services 
available to mitigate these identified issues to urban health. This creates more 
effective, holistic decisions i.e. multi-disciplinary approach to decision making. 
Specifically, research could establish urban metabolism standards to determine 
optimum urban health standards and biophilic services that could assist in achieving 
these standards. 
3. There is a need to explore the Functions and Services of Biophilic Services 
(expand, enhance, test tables Table 2-5 and Table 2-7) typology, categorisation 
specific to biophilic services. 
The model is reliant on the services offered by respective biophilic element, which 
have been shown in the case studies and through interviews conducted to 
contribute to the decision making process. Although Chapter 2 presented tables 
linking biophilic elements with their respective services, these tables are not 
definitive. Additionally, expansion on the typology and categorisation is out of the 
scope of this dissertation. For this reason, further research could continue to explore 
the spectrum of potential services as well as systematic categorisation to facilitate 
comprehension and effectiveness of their use in decision making. 
4. There is a need to explore the most appropriate Valuation tools and methods to 
measure Biophilic services. 
The model captures the Valuation component of the decision making process. 
Presently, ad hoc valuation techniques are employed dependent on various factors 
(i.e. feasibility, cost and context of value). In order to present potential decision 
makers with an effective Biophilic decision making model, exploration into the 
various valuation techniques available specific to biophilic services is required. This 
will in turn provide recommendations for effective valuation techniques. 
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